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THE  FLOW  OF  WATER  LX  SMALL  CHANNELS, 

AFTER    GANGUILLET    AND    EUTTER,    WITH    KUTTER'S    DIAGRAM 

MODIFIED,    AND     GRAPHICAL    TABLES     WITH    SPECIAL 

REFERENCE    TO    SEWER    CALCULATIONS. 


By  E.  Heeing,  C.  E.,  Member  of  the  Society. 
Eead  October  16th,  1878. 


One  of  the  most  interesting  problems  in  the  science  of  hydraulics  has 
always  been  that  of  obtaining  a  correct  mathematical  expression  for  the 
value  of  the  mean  velocity  in  a  stream  of  water.  Much  thought,  labor 
and  money  have  been  expended  in  the  search  for  a  general  formula 
which  should  give  reliable  results.     Until  recently  all  efforts  had  failed 


to  provide  any  that  could  be  depended  upon,  beyond  the  conditions 
under  which  the  observations  for  its  deduction  were  made.  One  wouki 
be  accurate  only  for  pipes,  and  another  only  for  canals  in  ,earth,  still 
another  only  for  large  rivers  with  very  light  gradients,  and  so  on.  In 
the  year  1869,  Ganguillet  and  Kutter  succeded,  by  an  ingenious  syn- 
thesis, in  developing  a  new  formula  from  the  many  existing  reliable 
measurements,  which  is  applicable  under  all  conditions,  while  being  at 
least  as  correct  as  any  of  the  preceding  ones  in  the  cases  to  which  they 
are  limited. 

The  great  importance  of  the  degree  of  roughness  of  the  wetted  per- 
imeter had  been  entirely  overlooked  until  the  exijeriments  of  D'Arcy  and 
Bazin  brought  it  into  notice  in  1865.  In  fact,  Dubuat  had  stated  that 
the  velocity  was  independent  of  the  material  forming  the  perimeter.  This 
indispensable  element  they  now,  for  the  first  time,  introduced  in  its  full 
bearing  into  a  general  formula,  whereby  the  problem  of  finding  the 
mean  velocity  without  actual  experiment  seems  at  last  to  have  reached 
a  somewhat  satisfactory  solution. 

The  results  of  these  investigations  were  first  brought  to  the  notice  of 
American  engineers  by  Mr.  Jackson's  translation  of  some  of  Kutter's 
writings,*  and  also  by  a  complete  exhibit  of  his  works  on  the  subject  in 
the  Swiss  Department  of  the  Centennial  Exhibition  at  Philadelphia  in 

1876.t 

The  formula  of  Ganguillet  and  Kutter  reads  as  follows:  | 

in  which  the  co-efiicient  c  is  variable  and  determined  by  the  equation, 

y 


c^ 


■^-/iT 


*  1.  Hydraulic  Manual,  by  L.  D'A.  Jackson,  London,  1875. 
2.  The  new   Formula    for   the   mean  velocity   of  discharge   of  rivers    and   canals,   by 
W.  R.  Kutter.  transl.  by  L.  D'A.  Jackson,  London,  1876. 

t  1,  Versuch  fur  die  Aufstellung  einer  neuen  Formal  fiir  die  Bewegung  des  Wassers  in 
Canalen  und  regelmas>igen  Flussstrecken.  Von  Ganguillet  und  Kutter.  Aus  der  Zeitschrift 
des  Oestreichischen  Ingeuieur  und  Architecten  Vereins.     Wien,  18G9. 

2.  Die  neuen  Formeln  fiir  die  Bewegung  des  Wassers  in  Canalen  und  regelmassigen 
Flussstrecken.  Von  W.  K.  Kutter.  Aus  der  AUgemeinen  Bauzeitung.  Wien,  1870.  Und  aus 
dem  Cultur  lugenieur.     Wien,  1869  und  1870. 

3.  Diagram  of  the  formula  of  Ganguillet  and  Kutter,  mounted  for  practical  use. 
§  D  =  mean  velocity. 

R  =  mean  hydraulic  radius. 

s  =  slope  or  tangent  of  inclination  of  the  water  surface. 

n  =  co-efficient  indicating  the  degree  of  roughness  of  the  wetted  perimeter. 


In  metric  measure  tlie  two  variables  are, 

^  s         '    n 


..=  (23+°-»°'5^^ 


V"       ■ 

In  English  measure  they  are 

At  r^Q    ,  0.0028075   ,   1.8113 

y  =  41.659  -\ 4. 

s  n 

f  Ai  rna    .  0.0028075\ 
.-c  =  (    41.659  -| :  )  71 

As  this  formula  is  too  comi^licated  for  practical  use,  Kutter  supple- 
mented it  by  a  diagram  which  makes  the  solution  extremely  easy,  as  the 
values  sought  for  may  be  read  from  the  figure  without  any  calculation. 

The  diagi-am  at  the  Exhibition  and  also  the  one  contained  in  Jack- 
son's translation  are  intended  to  show  the  general  application  of  the  for- 
mula to  large  rivers  as  well  as  to  small  channels.  In  using  it  for  the  latter 
alone  it  is  found  to  be  rather  too  small  for  the  required  accuracy. 
Desirous  of  making  the  best  use  of  this  convenient  graphical  representa- 
tion for  obtaining  the  proper  sizes  of  sewers,  the  wa-iter  plotted  it  to 
a  large  scale  and  confined  it  to  gi-ades  between  c»  (vertical)  and  1:2500, 
and  to  channels  with  a  mean  hydraulic  radius  of  less  than  9  feet.  In 
this  form  it  served  the  purpose  much  better.  One  inconvenience,  how- 
ever, was  still  felt  when  frequently  u?ed. 

Kutter's  diagTam  merely  gives  the  values  of  the  co-elficient  c  in  the 
formula  1. ,  but  still  leaves  two  multiplications  and  one  extraction  of  a 
root  to  be  made  in  order  to  find  the  velocity.  By  a  simjDle  device,  this 
small  deficiency  was  then  supplied,  allowing  the  mean  velocity  to  be 
read  off  at  once,  with  at  least  the  same  degree  of  accuracy  as  the  data 
■will  warrant;  namely,  by  considering  that  equation  1.,  may  be  written,  ' 

V     __      c 

V^~  ~iT  5. 


7r 


a  clue  is  given  for  the  graijhical  construction  of  v.     By  plotting  the 

values  of  c  and     / —  on  one  side  and  those  of  v  and  v^S  on  the  other 

side  of  an  angle,  the  corresponding  relations  will  be  represented  by  simi- 
lar triangles. 


In  Kutter's  diagram  the  co-efficients,  c,  are  plotted  on  the  vertical, 
the  values  for  y  R  on  the  horizontal  axis  ;  therefore,  by  graduating  an 

additional  scale  of  grades  (     /— jon  the  former,  and  of  velocities  on  the 

latter  axis,  the  gi-a^^hical  solution  is  comj^lete.  The  mean  velocity  of 
water  flowing  in  any  small  chanuel,  for  any  degree  of  roughness  of  jjeri- 
meter  and  for  a  grade  steeper  than  1 :  2500,  may  be  obtained  in  a  few- 
seconds,  with  a  sufficient  degree  of  accuracy  and  without  any  calculation. 

This  diagram,  as  thus  completed,  is  herewith  presented  (see  Plate  I.), 
partly,  because  the  only  one  generally  accessible  to  English  engineers 
(contained  in  Jackson's  translation)  is  on  a  small  scale,  and,  unfortunately, 
distorted  so  as  to  give  values  of  c  for  smooth  perimeters  as  much  as  5  per 
cent,  too  low  ;  partly,  because  the  only  j^iiblished  tables  of  Kutter's  co- 
efficients, c,  for  English  measuie  (contained  in  Jackson's  Manual),  which 
were,  probably,  taken  from  this  diagram,  contain  the  same  error  ;  and, 
partly,  because  I  believe  that  in  its  modified  form  it;  may  be  useful  to 
some  of  the  members  in  the  jjroportioning  of  small  channels,  sewers  or 
pipes,  and  in  ascei'taining  their  true  capacity  when  in  various  stages  of 
dilapidation,  and  when  built  regardless  of  the  value  of  Smoothness — 
questions  which  often  arise. 

It  is  briefly  described  as  follows  :  The  vertical  axis  in  the  centre  has 
the  co-efficients,  c,  graduated  on  the  left  and  the  grades  on  the  right 
hand  side;  the  horizontal  axis  has  the  mean  radius  marked  above  and  the 
mean  velocity  below  it.  To  the  left  are  four  hyperbolic  curves,  indicat- 
ing grades  from  00  to  O.Oi  feet  per  hiindred,  which  is  the  limit  of  the 
diagram.  They  are  intersected  by  lines  radiating  from  a  certain  point, 
obtained  by  experience,  equivalent  to  i?=3 .  28  f eet,  or,  by  chance,  one 
metre.  These  lines  represent  various  degrees  of  roughness  of  the  wetted 
perimeter,  as  noted.  Commencing  at  the  top  with  the  smoothest  surface 
"experimented  upon,  being  well-planed  timber,  they  descend  through 
gradually  increasing  degrees  of  roughness  to  the  most  irregular  channels, 
gi'eatly  impeded  by  vegetation  and  detritiis. 

The  construction  of  the  diagram  is,  therefore,  very  simple.  The  proof 
of  its  being  a  correct  representation  of  the  values  for  Kutter's  co- efficients 
would  lead  too  far,*  and  it  is  merely  our  purpose  to  add  the  principles 

*  See  Kutter's  article  in  the  "  Zeitschrilt  des  Oestreichischen  Ingenieur  und  Architecten 
VereiuB,"  mentioned  above. 


and  necessary  figiires,  by  the  aid  of  which  it  can  be  re-plotted,  if  required, 
to  any  scale. 

Location  of  the  j^oints  of  intersection  of  the  hyperbolas  with  the  radial 
lines. — The  values  of  1/  and  x  in  Equation  2,  are  the  co-ordinates  for  the 
hyperbolas.  By  substituting  their  values  for  English  measure  (see  Eq.  4), 
also  the  grade  to  be  indicated  by  the  desired  curve,  and  the  value  for  the 
degree  of  roughness  ranging  from  .  009  to  .  040,  as  shown  on  the  diagram, 
we  obtain  the  co-ordinates  of  the  respective  points  of  intersection  with 
reference  to  the  two  axes.  To  facilitate  a  plotting  to  any  scale,  or  a 
direct  calculation  of  the  co-efficient,  c,  from  the  formula  2,  the  numer- 
ical values  of  3/  and  x  are  given  in  Table  I  for  four  values  of  s,  or  the 
four  hyperbolas  marked  "Grade  Curves  "on  the  diagram,  and  cover- 
ing a  range  of  grades  from  the  vertical  down  to  1 :  2500.  For  conve- 
nience in  using  the  diagram,  these  curves  have  been  designated  as  a 
grade  per  hundred  [g),  instead  of  as  the  tangent  of  slope  (s). 

Co-efficients  (c.) — The  graduation  for  the  co-efficients,  c,  is  the  same 
scale  as  that  of  the  ordinates  of  the  curves. 

Grades  (g). — To  make  the  drawing  as  practical  as  possible,  a  value 

like     / —  in  Eq.  5,  must  be  avoided,  even  at  the  expense  of  not  having 

a  regular  scale,  as  it  entails  calculation.  Grades  are  most  conveniently 
given  in  feet  j^er  hundi-ed,  and  they  should  be  so  plotted.     If  g  is  the 

grade   per  hundred  and  s  the  tangent  of  sloi)e,  then,  instead  of    / — 

we   get  10   / — .    This  expression  will  give  a  quadratic  scale  of  the  recip- 
V  9 

rocals  of  the  gi'ade.  It  is  now  assumed  that  the  lightest  grade  {g^O .  04) 
shall  coincide  with  the  co-efficient,  c=250  ;  then,  in  order  to  locate  all 
the  grades  in  the  scale  of  the  co-efficients  (/.  e.,  the  ordinates  of  the 

hyi^erbolas),  250  would  have  to  be  equal  to  10, /o"7|T'^  *  constant,  which 

is,  therefore,  5.     If  we  multiplv  all  the  values  of  10,  / —  by  5,  we  have 

V  ff 

the  desired  locations.  Table  II.  contains  the  numerical  values  under 
the  above  assumption. 

Mean  Radii  {R). — The  scale  by  which  the  abscissas  of  the  hyperbolas 
are  plotted  must  be  the  same  as  the  one  for  the  values  of  ^ R.  Instead 
of  maintaining  the  linear  scale,  as  Kutter  has  done  on  his  diagram,  sent 
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to  the  Exhibition,  it  Avas  preferred  to  plot  the  values  of  R,  giving  a 
quadratic  scale,  in  order  to  avoid  the  necessity  of  extracting  a  root. 
The  location  of  the  points,  then,  can  be  taken  immediately  from  a  table 
of  square  roots.  For  instance,  the  value  i?=2  would  be  plotted  at  a 
point  measuring  -^2  =  1.414  from  the  origin  in  the  scale  of  the 
abscissas  for  the  hyperbolas. 

Velocities  [v). — In  eq.  5,  ^  is  a  quantity  of  the  first  degree,  and  its 
scale  will,  therefore,  be  a  linear  one.  By  substituting  the  values  of  c= 
250  and  s^O.0004,  which  are  located  by  the  same  point,  and  by  selecting 
Rz^Q,  we  determine  the  corresponding  velocity  as  being  ^=15  feet. 
Then,  at  the  point  indicated  by  i2—9  on  the  quadratic  scale,  or  by 
^y  Rz=Q  on  the  linear  scale  of  the  abscissas,  we  would  have  to  mark  a 
velocity=15  feet,  i.  e. ,  5  times  the  value  of  v/-^;  or,  in  other  words,  the 
same  constant  used  in  reducing  the  scale  of  grades  to  that  of  the  ordin- 
ates,  is  likewise  used  for  plotting  the  velocities  in  the  scale  of  the 
abscissas  of  the  curves. 

For  our  own  use  we  have  marked  otf  the  values  of  R  for  circular 
sewers  from  1  foot  to  20  feet  in  diameter  when  running  full  or  half  full; 
they  may  serve  here  as  an  illustration.  It  must  be  remembered,  as  the 
original  experiments  were  all  made  iu  open  channels,  that  the  formula  is 
strictly  not  applicable  to  sewers  running  full.  But,  in  want  of  further 
experiments,  we  are  obliged  to  apply  it  also  under  this  condition,  and,  as 
the  resiilts  will  be  nearly  if  not  exactly  the  same,  it  is  safe  enough  to 
do  so. 

The  diagram,  as  thus  completed,  contains  the  relation  of  the  following 
5  quantities  in  a  jjractical  form: 

Mean  velocity  iu  feet  per  second [v) 

Kutter's  co-efficient  for  English  feet (c) 

Mean  hydraulic  radius  in  feet [R) 

Grade  of  water  surface  in  feet  per  hundred ...         {g) 
Degree  of  roughness  of  wetted  perimeter.  .  .  .        (n) 
Their  separate  values  are  obtained  by  two  operations,  one  giving  the 
relation  of  the  first  four,  the  other  that  of  the  last  four  quantities. 

The  latter  are  all  found  on  a  straight  line  in  such  a  manner  that  any 
three  being  given  the  fourth  can  be  found  as  follows: 

Given:  R,  g,  n;  Sought:  c.  —Join  the  point  R  on  the  axis  of  abscissas 
and   the   intersection  of   the  line  n  with  the  curve  ^  by  a  straight  line. 


Where  it  cuts   the  axis  of  ordinates  will  be   found   the   proper  value 
for  c. 

Given:  R,  c,  g;  Sought:  n. — Join  the  point  R,  on  the  axis  of  abscissas, 
with  the  point  c,  on  the  axis  of  ordinates,  by  a  straight  line;  prolong  it 
until  it  intersects  the  grade  curve  representing  g;  at  this  point  read  off 
the  value  for  n. 

Given:  c,g,n,;  Sought:  R. — Join  the  point  where  the  radial  line  n 
intersects  the  curve  g  with  the  point  c,  on  the  axis  of  ordinates,  by  a 
straight  line;  prolong  it  down  to  the  axis  of  abscissas,  where  it  will  indi- 
cate the  value  of  R. 

Given:  R,  c,  n;  Sought:  g. — Join  the  jsoint  R,  on  the  axis  of  abscissas, 
with  the  point  c,  on  the  axis  of  ordinates,  by  a  straight  line;  prolong  it 
until  it  intersects  the  given  radial  line  n;  here  will  be  found  the  value  of 
g,  as  represented  by  the  "grade  curves." 

The  other  relation  represented  on  the  diagram  is  between  the  values 
for  v,  c,  R  and  g,  w^hich  form  the  terms  of  a  proportion,  and  are,  conse- 
quently, situated  on  two  parallel  lines  in  such  a  manner  that  a  line 
joining  the  points  indicating  R  and  g  will  always  be  parallel  to  a  line 
joining  the  corresponding  values  of  v  and  c.  Therefore,  any  three 
points  being  given  the  foiirth  can  be  readily  found  and  the  desired 
quantity  at   once  read  off. 

The  combined  operation  will  now  be  as  follows:  Among  the  ten  jDossi- 
ble  cases,  if  any  three  of  the  quantities  are  given,  with  the  single  exception 
of  R,  c  and  «  (which  allows  g  to  vary  as  the  square  of  v),  the  other  two 
can  be  found  on  the  diagram  as  described. 

Case  1. — Giveti:  n^O.017,  representing  a  channel  built  of  good  rubble 
masonry,  ^=0.06  feet  per  hundred,  i?=:1.25  feet  being  the  value  for  a  semi- 
circular channel  5  feet  in  diameter.  Sought:  the  mean  velocity,  v. — 
Join  the  intersection  of  the  line  indicating  n  =0.017  with  the  curve  cor- 
responding to  a  grade  p'^O.Oe  and  the  point  i?^1.25  by  a  straight  line 
(see  the  dotted  lines  on  the  diagram  showing  this  exami^le).  This  line 
intersects  the  axis  of  ordinates  at  a  point  giving  a  value  for  c  of  89.6. 
Then  place  a  ruler  to  join  the  point  i?=1.25  and  the  point  on  the  axis  of 
ordinates  indicating  the  grade  ^=0.06,  move  it  down  parallelly  until  it 
intersects  the  value  for  c=89.6  as  just  found,  and  mark  the  intersection 
with  the  horizontal  axis,  where  the  desired  mean  velocity,  r=2.45,  is  at 
once  read  off. 
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Case  2. — Given:  ,7=0.06,  i?=1.25,  ^=2.45.  Sought:  the  co7-respond- 
ing  degree  of  roughness,  n,  indicating  how  smooth  the  perimeter  must  be  con- 
structed to  maintain  the  above  velocity* 

The  operation  in  tliis  case  will  be  reversed.  Join  tlie  points  marking 
E  =  1.25  and  ^  =  0.06  on  the  two  axes,  draw  a  line  parallel  to  this 
through  the  given  point  v  =  2.45,  and  where  it  intersects  the  vertical 
axis  c  will  be  found  to  be  ==  89.6.  Then  join  this  point  c  with  jB  =  1.25 
by  a  straight  line,  prolong  it  until  it  intersects  the  grade  curve  corres- 
ponding to  ^  =  0.06,  and  at  that  jioint  will  be  found'  the  value  for  n 
(0.017),  giving  the  greatest  degree  of  roughness  allowable  to  inaintairk 
the  required  velocity. 

Case  3.— Given  :  R  =  2.5,  n  =  0.011  and  v  =  5.5.  Sought:  The 
grade  g  to  produce  this  velocity. 

Unite  the  points  indicating  jK  =  2. 5  and  the  intersection  of  the  line 
n  =  0.011  with  the  grade  curve,  for  which  an  approximate  value  must  be 
estimated,  by  a  straight  line,  and  find  the  value  of  c  on  the  axis  of 
ordinates  to  be  159.5.  Join  this  point  with  v  =  5.5,  and  move  the  ruler 
parallelly  until  it  intersects  the  horizontal  axis  at  the  value  oi  R  =  2.5. 
The  desired  grade  can  then  be  read  off  on  the  vertical  axis,  and  is  found 
to  be  ^  =  0.0475.  Should  this  result  deviate  greatly  from  the  value 
approximated  for  the  grade  curve,  one  repetition  of  the  oiieration  will 
always  rectify  it. 

Case  4. — Given:  n,  g  and  v.     Sought:  JR. 

Here  it  becomes  necessary,  first  to  apjjroximate  a  value  for  B,  in 
order  to  find  one  for  c  in  the  manner  described  before,  and  then,  by 
joining  c  with  v  and  drawing  a  parallel  line  through  g,  we  intersect 
a  truer  value  for  J?.  Several  repetitions  will  have  to  be  made  in  order 
to  get  a  correct  result. 

The  other  cases,  which  rarely  occur,  can  be  solved  in  a  similar 
manner'. 

As  to  the  accuracy  of  this  graphical  proceeding,  we  will  find  it  to  be 
not  less  than  that  of  the  data  Avhich  are  at  our  disposal.  The  values  for 
i?  and  g  can  of  course  be  obtained  very  exactly  in  practice,  but  not 
those  of  V  and  n  without  a  series  of  experiments.  Siipposing  that  we 
cannot  be  sure  whether   the   I'oughness   of   the  wetted  perimeter  in  a 


*  To  avoid  confusion  on  the  diagram  in  illustrating  this  example,  the  same  points  have 
been  selected  as  in  Cass  1. 


certain  case  is  represented  by  m=  0.010  or  5^0.011,  which  means  a 
smoothness  equivalent  to  plaster  in  pure  cement  or  cement  with  one- 
third  sand,  which,  w  ith  a  little  carelessness  of  workmanship  in  finishing, 
would  be  quite  probable  ;  or,  that  we  cannot  decide  as  to  the  amount  of 
stones  and  Aveeds  in  a  channel,  i.  e.,  between  «  =  0.028  and  7i  =  0.032, 
which  woiild  also  be  quite  jsrobable  ;  then  we  can  see  from  the  diagram 
that  the  co-efficient  c  cannot  be  determined  within  about  ten  per  cent,  of 
its  triie  value  without  a  series  of  experiments.  But,  granting  a  possible 
error  of  only  five  per  cent,  on  the  scale  of  the  co-efficients,  we  get  a 
corresponding  uncertainty  of  five  per  cent,  for  the  velocities,  resulting 
merely  from  the  inability  to  judge  of  the  exact  value  of  n.  The  ques- 
tion then  is  :  can  the  velocities  ba  obtained  on  a  chart  of  the  scale  of 
Plate  1  within  a  distance  corresponding  to  five  per  cent,  of  their  values  ? 

The  sources  of  error,  if  leaving  out  the  inaccuracies  in  plotting  the 
diagram  and  the  unequal  shrinkage  of  the  paper,  which  latter  may  be 
avoided  by  mounting,  will  be:  the  estimating  or  reading  of  i^oints  on  the 
scales,  the  uncertainty  of  intersections  when  acute,  and  the  difficulty  of 
ruling  a  long  line  jDarallel  to  a  short  one.  Points  on  a  scale  may  be  con- 
veniently read  inside  of  -5V  "j  «"f^  for  all  practical  cases  the  most  acute 
intersections  would  be  about  15^,  making  a  jiossible  error  in  reading 
from  these  two  causes  of  less  than  -^\-",  corresponding  to  0.6  per  cent,  at 
the  greatest  velocity  and  to  2  per  cent,  at  a  velocity  of  1  foot.  The 
error  resulting  from  drawing  a  long  line  parallel  to  a  short  one  is 
greatest  at  20  feet  velocity.  If  we  take  an  extreme  case,  in  considering 
the  line  eight  times  longer,  and  start  with  an  assumed  maximum  error 
of  -5^-"  in  the  short  one,  we  get  f  5"  as  a  possible  inaccuracy  in  the  read- 
ing of  the  velocity,  which  is  still  less  than  five  per  cent.  With  a  little 
care,  however,  the  ordinary  values  can  be  obtained  from  the  diagram  in 
its  present  scale  within  one  per  cent,  whereas  the  calculated  values  cannot 
be  depended  upon  within  five  per  cent.,  except  when  ba.sed  upon  experi- 
ments for  the  special  case  in  question. 

In  the  foregoing  we  have  a  simple  and  reliable  method  for  solving 
the  general  problem  of  the  flow  of  water  in  small  channels.  In  prac- 
tice, however,  two  of  the  quantities,  namely,  the  co-eflficient  c  and  the 
mean  radius  are  not  often  directly  considered  ;  and  we  have  instead 
usually  to  deal  with  two  others,  the  size  and  discharge.  Therefore,  to 
complete  the  problem,  we  must  finally  get  the  relation  of  size,  discharge, 
grade,  velocity,  and  roughness  into  a  practical  and  convenient  form. 
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In  substituting  a  relation  for  the  size  in  plaee  of  the  mean  radius, 
"we  meet  this  difficulty  ;  although  the  former  defines  the  latter,  the  mean 
radius,  conversely,  -nill  not  determine  the  size,  unless  the  shape  of  the 
section  is  also  given.  A  general  solution  is  therefore  impossible,  and  it 
is  limited  at  the  outset  by  the  condition  that  the  channel  in  question 
must  have  a  known  shape,  i.  e.,  either  a  circular,  egg-shaped,  rectan- 
gular, or  other  section.  Then  we  may  obtain  its  size  and  discharge  by 
calculation  after  finding  the  value  of  the  mean  radius,  as  indicated  in 
Case  4. 

But  for  frequent  use  a  far  more  convenient  mode  of  obtaining  the 
desired  quantities  is  by  means  of  numerical  or  graphical  tables  pre- 
pared for  the  required  shape.  A  set  of  numerical  tables  is  contained  in 
Jackson's  translation  of  one  of  Kutter's  articles,  already  referred  to. 
They  are  in  metric  measure  for  channels  with  straight  bottoms  and  side 
slopes,  and  for  the  co-efficients  ?i  =  0.025,  0.030,  0.035,  which  are  there- 
fore only  applicable  to  canals  in  earth  and  rivers.  To  prepare  others 
for  English  measure  for  different  values  of  a  and  for  different  shapes 
would  entail  a  great  amount  of  calculation,  but  it  may  be  much 
reduced  by  applying  the  graphical  method  in  such  a  scale  as  the  degree 
of  accuracy  to  be  attained  necessitates. 

For  almost  all  the  ordinary  cases  in  practice,  however,  (graphical 
tables  will  be  more  convenient  and  sufficiently  accurate,  and  it  remains 
to  be  shown  how  they  can  be  constructed  and  used. 

As  the  above  mentioned  five  quantities  stand  in  a  definite  relation, 
four  are  variable,  while  the  fifth  remains  a  constant  for  the  whole. 
There  being  fewer  values  for  n  than  for  any  other  quantity,  it  will  be 
most  expedient  to  make  a  table  for  each  one  of  them.  The  discharges 
and  grades  requiring  the  greatest  number  of  values  to  be  represented 
ought  to  be  graduated  on  the  co-ordinate  axes,  causing  the  sizes  and 
velocities  to  appear  as  curves.  The  size  curves  will  all  pass  through 
the  origin  or  zero  jooint,  as  they  must  give  a  discharge  =  0  at  a  grade 
^0.  The  velocity  curves  will  therefore  cross  them,  and  the  co-ordinates 
of  the  points  of  their  intersection  can  be  determined  by  the  following- 
equations,  if  d  denotes  the  discharge  in  cubic  feet  per  second  and  a  the 
area  of  water  section  : 

d  =  v  y  a  6. 

V'  7 
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Substituting  tlie  values  for  the  velocity  and  the  size,  we  find  that, 
in  Equation  6,  d  will  give  the  ordinate  measured  on  the  axis  where  the 
discharges  are  graduated,  and,  by  Equation  7  which  is  another  form  of 
Equation  1,  that  we  can  obtain  the  value  of  s  on  the  diagram,  as  shown 
above  in  Case  3.  Kemembering  that  the  scale  is  marked  in  terms  of  g 
instead  of  s,  we  obtain  at  once  the  value  needed  for  plotting.  This  value 
of  g  will  be  the  abscissa  of  the  point  of  intersection  measured  on  the  axis 
where  the  grades  are  marked.  By  using  cross  section  pajier,  and  noting 
the  grades  along  the  top  and  the  discharges  at  the  side,  the  two  classes 
of  curves  may  be  readily  jalotted  by  means  of  these  two  equations. 

A  set  of  Graphical  Tables,  as  thus  developed  in  general,  is  annexed. 
Being  intended  for  the  ordinary  reqiiirements  of  sewer  construction, 
they  are  confined  to  circular  and  to  one  form  of  egg  shaped  sections, 
and  are  calculated  for  three  values  of  «,  namely,  0.011,  0.013  and  0.015, 
indicating  the  general  range  for  good  work.  In  Table  III.  are  given 
various  values  of  n,  with  reference  to  sewer  construction,  deduced  from 
actual  experiments,  and  also  a  suggestion  of  the  degrees  of  roughness 
corresponding  to  the  above  three  selected  values. 

Plate  II.  represents  the  relations  for  pipe  sewers  from  6"  to  36"  in 
diameter,  Plate  III.  those  for  egg-shaped  sections  from  1'  6"  X  2'  3"  to 
6'  X  9'  section,  and  Plate  IV.  those  for  circular  sewers  from  3'  to  16'  in 
diameter,  covering  the  usual  range  of  each  kind.  The  limits  of  grade 
and  discharge  wei-e  regulated  by  the  velocity  which  was  assumed  as 
having  a  practical  maximiim  in  j^ipes  of  12'  i^er  second,  in  the  egg- 
shaped  sewers  of  14'  and  in  large  circular  sewers  of  16'  })ev  second.* 

The  plotting  of  these  tables  has  been  greatly  facilitated,    without 

efiecting  the  accui'acy  to  any  practical  extent,    by  the   following  con- 

00281 
siderations:   In  equation  4,  the  quotient,  '      -  '  which   varies  with  the 

grade,  can  be  considered  as  a  constant  factor  withoiit  making  a  serious 

*  It  appears  probable  that  the  co-efflcient  of  roughness  is  practically  greater  when  the 
velocity  is  very  high  than  when  it  has  ordinary  values.  For,  slight  undulations  in  the 
surface,  owing  to  imperfect  construction,  seem  to  act  as  additional  resisting  projections,  when 
passed  at  a  high  rate  of  speed,  and  thereby  increase  the  co-efficient  of  roughness  for  the  whole 
surface,  which  in  turn  again  lowers  the  velocity.  If  we  should  find  a  theoretical  velocity  of 
twenty  feet  for  a  channel  whose  roughness  is  equal  to  0.013  with  ordinary  velocities,  it  would 
be  likely  that  this  high  velocity  is  not  attained,  but  only  one  which  would  correspond  to 
an  increased  roughness,  perhaps  to  0.015  or  0.017,  according  to  the  amount  of  general  undula- 
tions in  the  surface  of  the  work.  For  this  reason,  and  because  the  writer  has  not  found 
many  I'eliable  measurements  of  higher  velocities,  the  tables  were  confined  to  the  above 
limits. 
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error  for  the  present  application,  and  its  value,  -wbicli  is  very  small  foj- 
grades  steeper  than  1 : 2  500,  can  always  be  selected  so  that  the  error  will 
be  on  the  safe  side.*  Equations  4,  2  and  1  combined  will  then  be 
reduced  to 

V  =  constant  X  y^  s 
then  also  d  =  constant  X  "V^s 
which  indicates  that  the  curve  rejjresenting  a  sewer  of  a  certain  size  is  a 
parabola,  the  discharges  d  being  the  ordinates  and  the  slopes  s  the 
abscissas.  Instead  of  drawing  a  parabola  for  each  size,  we  can  further 
simplify  the  jslotting  by  considering  that  if  the  abscissas  are  graduated 
in  a  scale  of  square  roots,  the  parabola  itself  becomes  a  straight  line. 
Then,  by  marking  the  grade,  see  the  top  of  each  table,  so  that  they 
increase  as  the  square  roots  of  their  values,  the  parabolas  representing 
the  sizes  will  be  straight  lines,  as  shown.  A  concomitant  advantage  is 
secured  hereby  for  marking  oflf  the  intersections  with  the  velocity 
curves.  Namely,  for  a  constant  size,  d  =  constant  X  v,  where  v  varies 
directly  as  the  discharge  and  can  be  graduated  in  a  regular  scale.  Then 
we  have  only  to  calculate  one  intersection  in  terms  of  discharge  and 
grade  by  means  of  equations  G  and  7,  and  then  simply  to  proportion  the 
others.  For  instance,  by  substituting  a  velocity  of  16  feet  and  a  size  of 
6  feet  diameter,  and  n  =  0.011,  we  find 

d  =  452  cubic  feet  per  second, 
and  g  =  0.77  feet  per  hundred. 
Then,  plotting  this  j^oint  of  intersection,  we  draw  a  straight  line  from 
it  to  the  zero  point.  If  we  desire  to  have  a  ciirve  for  every  two  feet  of 
velocity,  as  in  our  tables,  this  line,  which  now  represents  the  relations 
for  a  circular  channel  six  feet  diameter,  is  divided  into  eight  equal  parts, 
each  determining  respectively  the  intersections  of  the  curves  2,  4,  6,  etc., 
to  16  feet  per  second. 

The  simplicity  of  thus  plotting  these  tables  is  api^arent.  They  can 
be  rapidly  made  on  cross-section  jiaper,  in  the  manner  designated,  if 
desired,  to  suit  particular  circumstances,  viz. ,  to  a  larger  scale,  for  other 
sizes,  other  shapes  or  co-efficients  of  roughness,  for  greater  discharges, 
and  when  the  sewer  is  running  but  partially  filled. 

*  The  effect  of  this  quotient  is  represented  onKutter's  Diagram  by  the  "Grade  curves." 
For  a  channel  about  13  feet  in  diameter,  the  effect  of  varying  them  for  the  same  degree  of 
roughness  is  not  at  all  perceptible,  but  the  smaller  the  diameter  the  greater  is  their  influence. 
Then  it  will  be  safe  to  assume,  as  a  constant  for  each  size,  the  curve  representing  the  lightest 
grade  to  which  it  is  desired  to  build  it. 
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It  may  be  worth  while  to  meution  that  in  using  the  tables  for  sewers 
intended  to  carry  off  an  amount  of  water  equivalent  to  a  rainfall  of  one 
inch  per  hoiir,  the  scale  to  the  left  indicating  the  discharges  in  cubic 
feet  per  second  may  also  be  considered  as  the  scale  of  acres  drained. 
One  acre,    or  43  560   square   feet,    would    discharge  ^A,5^   cubic  feet 

of  rain  water  per  hour,   or '- =  1.0083  cubic  feet  per  second, 

^  12x60x60 

therefore  the  scales  are  very  nearly  identical. 

The  tise  of  the  tables  is  illustrated  as  follows  :  Being  on  a  small  scale, 

the  values  obtained  are  not  more  than  a  close  approximation,  which  is 

suflScient,  nevertheless,  for  nearly  all  requirements. 

1.  Given  :  500  acres  to  be  drained  of  a  one-inch  rainfall,  the  available 
grade  g  being  0.3  per  100.  Sought :  the  diameter  of  a  circular  sewer, 
built  of  good  brickwork  {n  =  .013). 

On  Plate  TV.,  for  ?i  =  .013,  we  find  the  horizontal  line  indicating  a 
discharge  of  500  cubic  feet  per  second  being  equivalent  to  the  drainage 
of  500  acres  under  the  above  assumption.  Where  this  intersects  the 
vertical  line  indicating  the  gi'ade  0.3,  we  at  once  read  off  the  reqiiisite 
diameter  of  eight  feet  and  a  velocity  of  ten  feet  i^er  second. 

2.  Given:  an  egg-shaped  sewer  4'x  6'  section,  smoothly  plastered 
with  cement  mortar  (/i  =  .011),  with  a  grade  of  .065  feet  per  100, 
Sought  :   the  discharge  when  running  j  full. 

On  Plate  III,  for  «  =  0.011,  we  find  that  the  ray  indicating  the 
size  4'x  6'  intersects  the  vertical  line  for  the  grade  ^=.065  at  a  i)oint  show- 
ing the  corresponding  discharge  to  be  48  cubic  feet,  and  the  velocity  4 
feet  per  second. 

The  tables  will  also  give  the  grade  and  velocity  by  inspection,  in  the 
same  manner,  if  the  other  quantities  are  known  ;  but  for  these  other 
cases,  it  will  be  better  to  obtain  the  unknown  quantities  directly  from 
the  diagram,  as  shown  above  in  Cases  1,  2  and  3. 

All  the  known  elements  occurring  in  the  problem  of  the  flow  of  water 
in  small  channels,  giving  the  results  in  conformity  with  the  formula  of 
Ganguillet  and  Kutter,  can,  therefore,  be  arranged  in  a  convenient  and 
practical  form.  The  diagram  will  give  the  values  of  v,  n,  c  and  g  in  a 
few  moments,  and  the  tables,  iirepared  for  special  shapes  of  water  sec- 
tion will  give  the  size  and  discharge  at  a  glance,  and  by  examining  the 
effects  of  slight  variations  of  size  or  grade,  will  enable  the  engineer  easily 
to  determine  the  most  economical  design. 
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In  order  to  present  more  clearly  to  the  eye  the  great  importance  of 
the  degree  of  roughness,  from  an  economical  point  of  view,  three  sketches 
are  added  on  Plate  V,  showing  the  conditions  of  three  circular  sewers  of 
1,  5  and  10  feet  diameters  running  full.  The  ordinates  denote  the  dis- 
chartjes  and  velocities ;  the  abscissas,  for  simjilicity  plotted  in  a  qua- 
dratic scale  like  the  previous  tables,  indicate  the  gi-ades.  The  pencil  of 
rays  represents  various  degi'ees  of  roughness  from  n  =  .010  to  .030,  i.  e., 
from  a  plaster  of  pure  cement  to  a  stony  soil  with  a  few  plants.  A  glance 
at  these  sketches  will  at  once  show  the  great  influence  of  the  roughness 
on  the  discharge.  A  closer  examination  will  jjrove  that  the  effect  in- 
creases with  the  smoothness  of  the  wetted  iierimeter,  and  inversely  as 
the  size. 

Therefore,  the  smaller  the  channel  the  better  it  will  pay  to  increase 
the  degree  of  smoothness  to  its  highest  practical  limit.  For  instance, 
considering  an  o^^en  semi-circular  channel  3  feet  in  diameter,  at  a  grade 
of  one  foot  jjer  hundred  ;  when  built  of  rough  rubble  masonry,  slightly 
damaged  {n  =  .019),  the  mean  velocity  will  be  6.2  feet  -pev  second.  But 
"when  the  same  channel  is  carefully  plastered  with  pure  cement,  or 
painted  with  a  thick  coat  of  natural  asphalt  (n=.010),  it  "will  give  for 
.the  same  gi'ade  a  velocity  of  13.00  feet  per  second,  or  more  than  double 
the  discharge  of  the  other. 

The  great  gain  in  the  carrying  capacity  of  small  sewers  by  using  well 
laid  glazed  terra  cotta  pipes  is,  therefore,  fully  confirmed  by  the  general 
formula  of  Ganguillet  &  Kutter. 


Table  I. 
Location  of  Grai 

Or  the  values  in  Eiio-lish  measure  ot  x  aiic 


1 

ff  = 

» 

9  = 

1.0 

s  = 

» 

s  = 

0.01 

n 

X 

y 

X              j 

y 

.008 

.  3333 

268  068 

.3355 

268.349 

.009 

.3749 

242.911 

.3775  1 

243.192 

.010 

.4166 

222.772 

.4194  • 

223.053 

.011 

.4583 

206 . 320 

.4613 

206.601   i 

.(•12 

.4999 

192.599  , 

.5033 

192.880 

.01« 

. 54 1 6  ' 

180.987  1 

.5452 

181.2f.8 

.014 

.5832 

171.035 

.5872 

171.316 

.015 

.  6249 

162.410 

.6291 

162.691   ; 

.016 

.6666 

154  863 

.6710 

155.144 

.017 

.7082 

148.204 

.7130 

148.485 

.018 

.7499 

142.285 

.  7549 

142.566 

.019 

.7915 

136.989 

.7969 

137.270 

.020 

.8332 

132.222 

.8388 

132.5U3 

.i'21 

.8749 

127.910 

88(17 

128.191 

.022 

.9165 

123  989 

.  9227 

1 24 . 270 

.023 

.9;.82 

120.410 

.9646 

120.ti91 

.024 

.9998 

117.129 

1.0066 

117  410 

.025 

1.0415 

114.110 

1.0485 

114.391 

.026 

1.0832 

111.323 

l.n90i 

111  604 

.027 

1 . 1 248 

1 OS. 743 

1.1324 

109.024 

.028 

1.1665 

106.347 

[  1.1743 

106.628 

.029 

1.2081 

104.117 

1   1.2163 

104.398  .; 

.030 

1.2498 

102.035 

1.25S2 

102.316 

.0;il 

1.2915 

100  087 

1.3001 

ImO.368 

.0H2 

1  1  3331 

98.261 

1.3421 

98.542 

.033 

1.3748 

96.54ri 

1.3840 

96.827 

.034 

1   1.4164 

94.932 

1   1 . 4260 

95.213 

.035 

!   1.4581 

93.410 

1.4679 

93.691 

.036 

1.4998 

91.972 

j   1.5098 

92.253 

.037 

1.5414 

90.612 

1  5518 

90.893 

.038 

1.5831 

89.324 

1.5937 

1   89.605 

.039 

1.6247 

88.102 

1.6357 

88 . 383 

.040 

1.6664 

86.941 

1.6776 

I   87  282 

Taiile  I. 
Location  of  Ghadi'.  ('i;iivks 


r.n,,-li>l. 


i>l  T  1111(1  //  in  llu'  Ki|imlii>ii  i-  — 


v'/f 


.  009 
.010 
.011 


.ty'i 
.023 
.024 
.025 
.026 
.027 
.028 
.029 
.0.30 
.O.il 
.0<2 
.0H3 
.034 
.035 
.036 
.037 
.038 
.039 
.040 


.3333 
.3749 
.4160 
.4583 
.4999 
.5416 
.6832 
.6249 
.6666 
.  7082 
.7499 
.7915 
.8332 
.8749 
.9165 
.9.'i82 
.9998 
1.0415 
1.0832 
1.1248 
1.1665 
1.2081 
1.249K 
1.2915 
1  3331 
1.3748 
1.41«4 
1.4581 
1.4998 
1.5414 
1.5831 
1.H247 
1.6664 


268  068 

242.911 

222.772 

206.320 

192.599 

180.987 

171.035 

162.410 

154  863 

148.204 

142.285 

186.989 

1-32.222 

127.910 

123  98-.' 

120.410 

117.129 

114.110 

111. 323 

103.743 

106.347 

104.117 

102.035 

100  087 

98.261 

96.54rl 

94.932 

93.410 

91.972 

90.612 

S9.324 

88.102 

86.941 


.3356 
.3778 
.4194 
.4613 
.6083 
.5462 
.5872 
.6291 
.6710 
.7180 
.7549 
.7969 
.8388 
88117 
.9227 
.9646 
1.O066 
1.0485 
1.0901 
1.1324 
1.1743 
1 .2163 
1.25S2 
1.30111 
1.3421 
1.3840 
1 .4260 
1.4679 
1 . 5098 
1  5518 
1.6937 
1.6357 
1.6776 


268.319 

243.192 

223.053 

2116.601 

192.SStl 

181    21.8 

171.316 

162.691 

155.144 

148.485 

142.566 

137.270 

1 32 . 603 

128.191 

124.270 

120.691 

117  410 

114.391 

111   604 

1119.024 

106.628 

104.398 

102.316 

1"0.368 

98.642 

96.827 

95.213 

98.691 

92.253 

90.893 

89.605 

88.388 

87  282 


.355S 

.4002 

.4447 

.4892 

.5336 

.5781 

.6225 

6670 

.7115 

.7559 

.8004 

.84411 

.8893 

.9338 

.9783 

1.0227 

1.0672 

1.1117 

1.15111 

1 .2006 

:.  24511 

1 .  289.i 

1.3340 

1.3784 

1.4229 

1  4674 

1.5118 

1.6563 

l.hOOS 

1.6452 

1.6897 

1.7342 

1.7786 


2711.875 
216.718 
225. 5 J9 
2119.127 
195.406 
183.794 
173.M2 
165.217 
157.670 
151.011 
145.092 
139  796 
135.029 
130.717 
126.796 
123.217 
:19  936 
116.917 
114.130 
111.560 
109  154 
106.924 
104.842 
102.894 
101  068 
99.353 
97.739 
96.217 
94.779 
93.419 


' 

y 

.3894 

275.087 

.4381 

249.930 

.4868 

229.791 

..5355 

213.339 

.5842 

199   618 

.6328 

188.001. 

.6815 

178.054 

.7302 

169.429 

.7789 

161.882 

.8276 

1.55.223 

.  8762 

149.304 

.9249 

144.O0.S 

.9736 

139.241 

1.0222 

134.929 

1.07ii9 

131.008 

1.1  lew 

127  429 

1.1683 

124.148 

1.2170 

121   129 

1.2656 

118.342 

1.3143 

115.762 

1.3630 

113  366 

1.4117 

111.136 

1.46113 
I..50i10 
I  5S77 
1  6064 
1.6551 
1.7037 
1  7524 
I.Mill 
1.8498 
1    S9St 

1  'm:\ 
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105.280 
103.565 
101. 9.U 
1 00.429 
98.991 
97.631 
96.343 
95  121 

'.i:i.96ii 
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Table  II. 
Reduction  of  tlie  Scale  of  Grades  {g)  to  the  Scale  of  Co-ofEcients  (c). 


Location  in  Scale  of  c. 

Location  in  Scale  of  e. 

Grade, 
per  hundred  (g). 

g                    j 

Grade, 
per  hundred  (g). 

50-/ L 
g 

0.040 

250.000 

0.21 

109.110 

.042 

248.975 

.23 

104.270 

.044 

238.365 

.25 

100.000 

.046 

2S3.125 

.27 

96.225 

.048 

228.215 

.30 

91.285 

.050 

223.6(15 

.35 

84.515 

.0525 

218.215 

.40 

79.055 

.055 

213.195 

.45 

74.540 

.0575 

208.515 

.50 

70.710 

.060 

204 . 1 20 

.60 

64.550 

.065 

196.110 

■70 

59.760 

.070 

188.980 

.80 

55.900 

.075 

182.565 

.90 

62.7115 

.080 

176.775 

1.00 

50.000 

•085 

171.495 

1             1.25 

44.720 

.090 

166.665 

1.50 

40.825 

.095 

162.220 

1.75 

37.795 

.10 

158.110 

2.00 

35.355 

.11 

150.755 

2.50 

31.620 

.12 

144.335 

3  00 

28.865 

.13 

138.665 

3 .  50 

26.725 

.14 

133.630 

4.00 

25 . 000 

.15 

129.100 

5.00 

22.360 

.16 

125.000 

6.00 

20.410 

.17 

121.265 

7.00 

18.895 

.18 

117.850 

8.00 

17.675 

.19 

114.705 

9.00 

16.667 

.20 

111.800 

10.00 

15.800 
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Table  III. 
Values  of  Co-efficient  -of  Roughxeess  (w)   Deduced  from  Experimenis. 


AuxnoRiTY. 


Descriptiox  or  Surface. 


Bazin. 


Well  planed  timber 

Ordinary,  unplancd  timber . 


D'Arcy I  Clean  iron  pipes 

Foul       •' 


Kirkwood 


Tuberculated  iron  pipes. 


Bazin Plaster  of  pure  cement   

I       "  cement  with  ^  fine  sand 

Good  brick  masonry 

Laths  nailed  crosswise — 0.01  meters  apart 

[       "  "  "  0.15       "  "      

Fine  gravel  well  rammed,  ^  to  |  ins.   diam 

Coarse"         "  "         1  to  1|  ins.    •'     .. 

Kuttcr New  rubble,  well  built , 

>!azin  . , I  Good  rubble  work 

Kutter j  Dry  rubble,  sliglilly  damnged 

Bazin liouoh  rubble,  bed  partially  covered  with  silt  an'd  mud, 

Kutter ,  Old  ruliliie.  much  damaged 


.0096 
.0120 

.0098 
.0139 
.0168 

.0100 
.0111 
.0130 

.0140 
.0213 

.0170 
.0200 

.014.5 
.0170 
.0180 
.  0204 


Description  of  Surfaces, 
Sun-gesting  the  A^'alues  of  n  used  for  Graphical  Tables,  Plates  II.  to  IV. 


n  ^  0.011  I  Iron;   cement;  terra  cotta    pipes,  well  jointed  and  in  best  order; 

careiully  plastered  surface. 


n  =  0.013 


Old  iron;  cement  and  terra  cotta  pipes  not  well  jointed  nor  in  perfect 
order ;  well  laid  brickwoik. 


71  =  0.015  Foul  and  slightly  tuberculated  iron;  cement  and  terra  cotta  pipes 
with  imperfect  joints,  and  .in  bad  order;  well  dresstd  stonework 
and  second-class  brickwork. 


Note. — For  the  accommodatiou  of  persons  desmng  to  use  in  their 
practice  the  Kiitter  Diaf^ram  and  Graphical  Tables  as  prepared  by  Mr. 
Hering,  a  limited  number  of  Plates  Nos.  I,  II,  III  and  IV  have  been 
l^rinted  on  heavy  paper,  and  will  be  sent,  by  express,  rolled,  if  ordered 
from  the  Secretary  of  the  Society.  The  charge  for  the  four  plates  on 
heavy  paper  will  be  sixty  cents. 
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CLXXVI. 

(Vol.  Vin.— January,  1879). 
THE   PERMANENT    WAY   OF 

RAILWAYS  m  GREAT  BRITAIN  AND  IRELAND, 

WITH  ESPECIAL  REFERENCE  TO  THE  USE  OF  TIMBER  PRESERVED 
AND  IJNPRESERVED. 

COMPILEU  FROM  INFORMATION  RECEIVED  FROM  ENGINEERS  IN  CHARGE  OF  THOSE  RAILWAYS. 

By  John  Bogaet,  C.  E.,  Member  of  the  Society. 
Bead  Novembek  20th,  1878. 


The  comparative  economic  value,  for  use  in  railway  construction,  of 
timber  preserved  and  unpreserved,  and  the  best  methods  for  its  preserva- 
tion, have  been  brought  before  the  Society  at  various  times,  and 
particularly  at  the  Convention  in  June  last.  The  first  cost  of  wood  will 
probably  increase  in  this  country  in  some  proportion  to  the  growth  of 
the  population,  and  the  supply  of  the  hard  woods  now  generally  used  for 
railroad  sleepers*  will  decrease,  particularly  in  the  older  States. 

*  The  cross  timbers  supporting  the  rails,  and  which  are  called  ties  in  the  United  States,  are 
designated  sleepers  in  Great  Britain.  As  the  latter  term  is  used  by  the  Engineers  whose 
experience  is  given  in  the  table  accompanying  this  paper,  it  will  be,  for  convenience,  also 
used  by  the  writer. 
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The  fact  was  known  that  the  timber  used  for  permanent  way  in 
Euroi^e  was  in  many  cases  treated  with  creosote  oil  or  other  preparations. 
It  was  also  understood,  that  by  the  use  of  prepared  timber,  it  was 
possible  to  employ  economically  some  of  the  softer  varieties  of  wood. 
The  details  of  the  experience  of  the  EurojDean  roads  did  not  seem  to  be 
very  definitely  or  generally  known  here,  and,  therefore,  the  writer  pre- 
pared a  letter,  embodying  in  a  series  of  questions  most  of  the  points 
upon  which  superior  advantages  had  been  claimed  for  preserved  timber. 

This  letter  was  sent  to  the  engineers  of  a  number  of  the  railways  in 
Great  Britain  and  Ireland,  and  full  answers  have  been  kindly  returned. 
Many  of  the  former  individual  lines  of  railway  have  been  merged  into 
one  or  the  other  of  the  gi-eat  companies,  and  it  is  thought  that  these 
answers  represent  quite  faii'ly  the  actual  expeiience  upon  the  subject. 
These  answers  are  summarily  presented  in  the  table  accompanying  this 
paper. 

Nearly  all  the  lines  included  in  this  table  use  the  double  headed  rail 
with  chairs.  In  fact,  this  style  of  rail  seems  to  be  generally  preferred 
w^herever  the  traffic  is  heavy.  Drawings  of  the  rails,  chairs  and  methods 
of  attachment  have  been  kindly  sent  by  the  engineers  of  several  railways, 
and  chai'acteristic  features  are  shown  in  plates  YI,  VII  and  "\^II,  accom- 
panying this  paper.  A  full-sized  chair  and  section  of  rail,  with  key,  tree- 
nails and  bolt,  attached  to  a  section  of  a  sleeper,  have  been  forwarded 
by  William  Jacomb,  Esq.,  Chief  Eesident  Engineer  to  the  London  and 
Southwestern  Railway  Company,  and  are  now  in  the  Museum  of  the 
Society. 

Most  of  the  sleeiJers  used  in  Great  Britain  are  of  Baltic  red  wood, 
and  are  generally  8  feet  11  inches,  or  9  feet  long  by  10  inches  by  5  inches. 
The  gauge  of  the  roads  is  4  feet  8i  inches.  The  sleepers  are  generally 
rectangular.  The  chairs  are  attached  to  the  sleepers  by  combined  bolts 
and  oak  treenails,  or  by  a  bolt  alone,  generally  two  to  each  chair.  The 
general  form  of  treenails  is  shown  in  plate  YII.  They  are  driven 
through  the  chair  bolt  hole,  and  into  a  hole  previously  bored  quite 
through  the  sleeper.  A  smooth  round-headed  iron  bolt  is  then  driven 
into  the  opening  in  the  treenail,  and  forces  it  tightly  against  and  into 
the  grain  of  the  sleeper.  The  base  of  the  chair  is  made  of  qiiite  large 
area  to  avoid  cutting  the  tie.  The  rail  is  held  in  the  grasjD  of  the  chair 
by  means  of  a  compressed  oak  key,  sections  of  which  are  shown  in  the 
Ijlates.     The  weights  of  the  chairs  are  given  in  the  accompanying  table. 
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On  one  line,  the  North  Eastern  Railway,  a  cushion  of  oak  is  placed  under 
the  rail,  between  it  and  the  chair,  as  is  shown  in  plate  VIII.  On  this 
Hne  a  twisted  bolt  is  used  instead  of  a  treenail  and  smooth  bolt. 

The  weight  of  the  rails  is  generally  about  80  pounds  per  yard  on  the 
lines  having  large  traffic.  The  sections  of  rails  shown  in  plates  VI  and 
VIII  are  of  80  and  82  pounds  steel  rails.  The  sleepers  are  generally 
quite  covered  with  the  ballast,  as  is  shown  in  plate  VI. 

It  will  be  seen  from  the  table  that  the  sleepers  are  treated  with  creo- 
sote oil  on  most  of  the  lines  from  which  information  has  been  received, 
and  that  this  method  of  preservation  is  the  only  one  now  in  use.  The 
cost  of  treating  averages  about  10^  pence  for  each  sleeper.  The  amount 
of  creosote  oil  forced  into  the  wood  averages  about  0.82  gallons  per  cubic 
foot.  I  am  informed  by  manufacturers  that  the  weight  of  creosote  oil 
should  be  8  J  lbs.  to  the  gallon  of  231  cubic  inches  ;  the  weight  of  oil 
forced  into  the  wood  therefore  averages  about  7.175  lbs.  j)er  cubic  foot  of 
timber. 

The  life  of  the  creosoted  railway  sleeper,  as  shown  by  the  table,  varies 
greatly,  owing,  doubtless,  to  circumstances  of  traffic,  drainage,  ballast, 
e.c.  The  average  life  .seems  to  be  about  16  years,  and  the  average  gain 
from  preservation  is  stated  at  from  2  to  10  years,  averaging  about  6 
years. 

Hard  woods,  as  oak  and  chestnut,  are  not  at  all  used  for  railway 
sleepers. 

Samples  of  sleepers  taken  from  the  roadways  where  they  had  been  in 
actual  use  for  a  number  of  years  have  been  kindly  forwarded  to  the 
Society,  and  are  exhibited  at  this  meeting.  Some  others  have  been  sent, 
but  have  not  yet  arrived.  All  of  these  sleepers  which  ai'e  now  here  are 
in  what  seems  to  be  a  remarkably  good  state  of  preservation  after  a 
service  of  ten,  eleven,  twenty  and  twenty-two  years.  They  are  not 
decayed,  are  very  little  worn  by  the  chairs,  and  have  only  two  or  three 
spike  or  treenail  holes. 

One  sleeper  is  from  the  line  of  the  Great  Northern  Railway,  and  has 
been  in  use  from  April,  1867,  to  October,  1877.  One  is  from  the  London 
and  South  Western  Railway,  and  has  been  in  use  11  years.  In  reference 
to  one  from  the  North  Eastern  Railway,  Alfred  Harrison,  Esq.,  the 
Engineer  in  charge,  writes  : 

"It  is  a  Scotch  fir  sleeper,  creosoted,  and  was  on  July  29th,  1878,  taken  pro- 
miscuously out  of  half  a  mile  that  was  laid  down  in  the  main  line  near  Tweed- 
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mouth  in  June,  18S8,  thus  having  been  in  use  for  20  years.  I  consider  them  still 
in  a  very  good  condition,  and  likely  to  wear  other  lu  years  yet.  They  have  been 
run  over  during  that  time  by  all  through  passenger  and  goods  trains  between 
London  and  Edinbro." 

E.  H.  Lloyd,  Esq.,  Divisioual  Engineer,  sends  from  the  line  of  the 
Great  Western  Railway  tAvo  creosoted  sleepers,  and  -writes  ; 

"  I  have  sent  you  two  sleepers  which  have  been  taken  expresslj^  out  of  the 
line  near  Swansea,  and  which  1  ave  carried  the  heaviest  traffic  since  the  year  1857. 
You  will  observe  that  the  sleepers  are  exceptionally  thick  and  narrow,  but  not- 
■withs^tandii'g  these  apparent  disadvantages  they  have  done  their  work  marvellously 
well.  This  I  attribute  to  the  fact  of  the  timber  being  of  the  very  best  j-ellow  pine. 
They  were  originally  11  feet  long,  having  been  laid  for  the  broad  gauge,  but  in 
1872,  when  the  gauge  of  the  South  "Wales  line  was  changed,  they  were  cut  to 
their  present  lengths.  I  belicAe  that  these  sleepers,  from  the  length  of  time  they 
have  been  in  the  line,  and  the  very  heavy  nature  of  the  traffic  which  has  passed 
over  them  during  the  last  22  years,  will  prove  most  interesting  instances  in 
the  economy  of  providing  timber  of  the  verj-  best  quality  for  railway  wort." 

The  -writer  begs  to  express  his  thanks  for  the  full  information  sent  by 
the  engineers  whose  names  are  given  in  the  accomiDanying  table,  both  in 
replies  to  questions  and  in  drawings  showing  the  features  of  the  perma- 
nent way  of  the  different  lines  ;  also  for  the  samples  of  sleeiDcrs  taken 
from  the  roadbed  as  described  above. 

The  object  of  this  jDajjer  is  simply  the  presentation  of  the  facts  ob- 
tained from  the  engineers  of  railway  lines  in  Great  Britain  and  Ireland. 
The  table  which  accompanies  it  gives  the  answers  just  as  received. 

It  is  presented  with  the  hope  that  a  record  of  the  actual  experience  of 
the  life  of  timber  in  American  railways  may  soon  be  prepared,  and  that 
a  discussion  may  tend  towards  a  solution  of  the  question  whether  the 
time  has  yet  come  for  an  economic  adoption  of  preservative  jsrocesses  for 
railroad  timber  in  this  country,  upon  which  question  there  seems  now  ta 
be  a  marked  difference  of  opinion. 


SUMMARY    OF    INFORMATION    RECEIVED    FROM    ENGINEERS   01-    RAI 

a;s  to  the  permanent  way  of  those  railways,  with  especial  referenxe  to  their 
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yAM£  OF  RAILWAT,    Xa 


t  and  Address  of  3}(i)- 
r  givh}gthe  hifonnafion. 


Is  it  your  practice  to  use 
jireserved  sleepers  in  your 
road-bed?  Jf  so,  ichai 
method  of  preset^'afkm 
has  proved  the  most 
efficacious  ? 


What  varieties  of  wood  do 
you  use  for  this  purpose  ? 


Wliat  is  the  tisual  size  and 
f&rm  of  sleepers  used  ? 


Have  you  II 
own  for  fi' 
or  is  the  In 
Contract  ? 


WHi/d  are  ike  SperifxraiU 
for  the  treahnent  ? 


\nnt  is  the 
ing  Sleeps 


GREAT     NORTHERN 


RAIL-    Richard  Johnson. 

EngiDeer-in-Chief, 

EiDgs  Cross, 


Baltic  Red  Wood. 


Bfeetll  inches  loug,  rectang- 
ular, of  the  uoiform  dinieu- 
sions  lU  iucbes  by  5  iucbe8. 
sbull  be  cut  out  of  balks  not 
less  than  10  incbes  pqnare. 
whkU  eball  be  sawn  Ibrougb 
tbe  beart.  Sleepers  cut  out 
of  pmaller  timber  will  not  be 
received. 


It  is  done  by  crintract  witb 
Messrs.  Jobn  BetbcU  k  Co. 
They  erect  their  owu  machiD- 
ery  (on  our  land),  and  find 
labor  and  material. 


Tbe  Creosote  is  to  be  forced 
nto  the  wood  at  the  rate  of  35 
[alions  of  Creosote  per  load  of 


^Vh/l^  is  the  arerage  liff  of 
Preserved  Ties  on  yfpir 
liodd,  nrul,  on  an  nvfrage, 
hoir  uumy  years  are  gnineil 
by  the  presercation  ? 


Ifo  yoti  '«<  chairs  vp/m  taek 

meper  triM^id  ff  r7>{A->.y; 

ir.OTjd,  fLs 
Cniit^l  .S'- 

iwjdt  <f  piacmtj  'otd  at- 
taching the  chatrg  to  ilw 

■^eeptrsf 


lu  pence  per  sleeper.  Timber        The  average  Ufe  is  abont  10 
for  other  purposes  at  the  rate      years  ;   4  years,  at  least,  are 
of  18  shilhogs  per  load  of  50      gained  by  the  preservation, 
cubic  feet.  (Specimen  of   sleepers  for- 

warded.) 


We  Ttse  chairs  nptm  each 
sleeper,  and  do  noc  spike  tbe 
rail  upon  the  sleeper. 

{Sketch  of  permanent   wmj 

sent  herewith.) 


GREAT  WE-STEEN  RAILWAY.    E.  H.  Llotd. 

Divieional  Engineer. 

EngiDeers'  Office, 

Neath. 


Red  and  Yellow  Baltic  Pin 


t  feet  loug,  by  10  incbes  by 


18  to  20  years,  depending  Tery 
much  upon  the  sitnatioD. 

(Two  specimens  of  sleepers  ' 
forwarded,  2*2  years  in  use.) 


Chairs  28  tbe.  eatA, 
either  by  two  fang  bohs  at  by 
two  spikes  and  two  wood  tree- 
nails, or  two  spikes  ^ad  tme 
treenaiL 

botti  the  V^ignoOes 


GREAT  EASTERN"  RAILWAY.    Au^ed  A.  Langlet, 
Engineer. 

Engineers'  Office. 
Liverpool  Street  Station. 
London,  E.C. 


We  are  not  at  the  present 
time  using  any  method  for  the 
preservation  of  the  timber. 
Creosoted  sleepers  put  down 
years   ago   have    lasted   very 


Baltio  Red  Wood. 


Sleeper  blocks  8  feet  11 
inches  long,  and  10  inches 
square.       Sleepers    8   feot    11 


It  costs  about  one  shilling  to      Average   life  about  10  years.  Cast-iron    chairs     w^hitt^ 

pruperly  creosote  each  sleeper,      perhaps  10    more  if  properly  36  lbs.  each.    The  dr^in  eoet 

creosoted.  about  £3  per  ton.. 

(Specimen   of    sleeper   for-  (Lithographs  oi  obj^is  aad 

warded.)  mode  of  fixing  sent  te;cr«i|]i.< 


LOKDOX  k  SOrTHWE-STERN    William  Jacosib, 

chief  Resident  Engineer, 
RAILWAY.  Engineers'  Office, 

Waterloo  Bridge  Station. 
London,  S.E. 


MASCHESTEE,     SHEFFTELD    C,  Sacee, 

EoglD 
k    LI5COLS8HIBE     BAIL- 


i  also  use  half  round  Scoti-h, 
or  Larch  sleepers,  obtained  in     diameter, 
this  country. 


I  do  not  use  preserved 
sleepers  on  this  line,  except 
in  places  where  there  Is  sand 


Baltic  Red  Wood. 


Baltic  sleepers  are  rectang-  We  have  Oreosoting  Worhs; 
uliir,  9  feet  lony  by  10  inches  but  we  have  a  large  number 
by  6  incbes.  Scotch  or  Larch  done  by  contract;  generally  all 
sleepers,  half  round,  9  feet  in  required  for  new  work  or  for 
length  and  10  inches  in  relaying,  limiting  our  owu 
works  to  preservation  of  sleep- 
era  for  ordinary  maintenance  I 
and  repairs.  ! 


"  After  the  slt^epers  have 
been  inspected  and  approved 
they  shall  be  adzed  for  the 
chair  siat  and  creosoted  in  a 
cylinder  under  pressure  with 
the  best  quality  of  creosote  qjl, 
and  each  load  of  50  cubic  feet 
shall  be  infimed  with  40  gallons 


8  feet  1 1  inches  long,  rectang- 
ular, 10  inches  wide  and  5 
incboB  high. 


About  7  pence  per  sleeper. 


which  - 

previously  b<w«d   i. 

I  that  the  St 


This  depends  entirely  upon  Cast-iron  chairs  *- 
their  position  and  the  traffic,  lbs,  each,  connevi- 
You  might,  perhaps,  take  an  sleepers  by  thr^e  sp^i 
average,  approximately,  of  1.  ' 
years  to  sleepers,  if  properl; 
creosoted. 

(Sample  of  permanent  way      tightly.      The    tr««r: 
forwardfed.)  '      *»^  to  the  croas-cr 

sleeper  and  tbe  $:: 
through  the  loii^;i- 
of  the  tr««Dail.  ktc:. 
combined  fasten:  l^- 
(Actual  sampk  for 


^   katd$ 

i-2  Of  tt* 

:-3»Ifibr>f 
^  :he  be*! 


.\bout  lOJ  pence  i»er  sleeper.  i  should  say  the  average  life 


f  creosoted  "sleepers  will  be     slerper.     Each    chair  TpAa4 


about  U  yearis  in  fairly  l 
ablecircumstances.  Thtsmi»<ht 
be  about  'J  years  loug«r  than 
using  timber  under  the  same 


about  39  lb«.  and   Mck  i$t«te 

about  I  lb. 


A.  JoBHffrOH, 

Tbia      com 

Engineer, 

adopted   the 

Derby, 

cess. 

MII>LA>•^  EAILWAY. 


■OBTBEAHTEJIR    KAILWAV.  H.  r^iprEKTRWAlTZ, 

Eog.n«r.'OIIloe  e«!u.r.ciy.*AnTrrc,eo%SV 

lorlc.     lliat   profcm   liavlnK    nroved 

'-"'"■■' ■,»raoaclou«. 


pregerve'l   Bleepere 


ltiiclrt(>bbl)ic 


Scotch  or  H»ltlc  I'lra. 


10    feet    luUK.     rectiUJi^ulai- 
lOlucliea  by  6  liichoa. 
(BpeofficatlouB  forwiii'ded.) 


iiv  linH  WorkH  of 


lbs.  Mrk.  aaa   <aek  <kur  i 
f  a«t«u««l  K>  lb*  skir^  K< 


J    liXGl.NEERS   OF   RAILWAYS    IN    GREAT    BRITAIN    AND    IRELAND, 

WITH  bi?PEOIAL  REFERENCE  TO  THEIR  EXPERIENCE  IN  THE  USE  OF  PRESERVED  TIMBER. 

TO  AWVMr-OT  Pafek  Xo.  CLXXVI..  Traxsactioss  Americas   Society  of  Civil  Esginkers. 


Mltnt  is  ihf  at^erage  life  <y 
Prrsfrt^i  Ties  on  your 
Roo'L  andy  rm  an  avfragf^ 
',..(r  UHiny  years  art  gained 
V  'A'f  pres*T^''ition  .' 


Do  you  use  chairs  upon  each 
sleq>er  instead  of  spiking 
the  rail  directly  upon  the 
icood,  as  is  usual  in  the 
Vnited  States:  if  so,  irhat 
is  the  form,  si^e,  cost  and 
mode  of  placing  and  at- 
taching the  chairs  to  the 
sleepers  .* 


Do  preserved  sleepers  hold 
the  spike  better  than  unpre- 
servetl  sleepers  ? 


miai  has  been  your  expe- 
rience as  to  the  cutting  of , 
preserved  sleepers  under 
the    rail   or  chair    icith 

heavy  irq^c?     The  Ldief    Do  you  limit  the  use  of  pi't 
served  wood  to    sleeper 


is  quite  general 
United  States  that  ties  cut 
before  they  decay.  Does 
treaimeni prevent  cidting  ? 
mil  soft  wood  preserved 
sleepers  cui  more  or  less 
rapidly  than  oak  in  its 
natural  state  ? 


alone,  or  i 
for  Itridge 
■pMfn,;,:s.  , 


leepers  Do  you  consider  the  strength 
t  employed  of  timber  increased  or  di- 
}s(ruchons,       minished  by  ireatmeni  ? 


I,fj,i:.<,i:.,lxl,, 

!•' IS  makes 

<"<" "'■'■;"'■" 

'inent  imv 

and  tl,H.s  rttWI 

>    11    SflfUlf/ 

in  wear  ami  ten 

r  of  rolling 

slock  ? 

•  that  the  use  Is  titers,  any  value  in  creo- 
soted  sleepera  trhen  dis- 
carded ?  If  so,  what  dis- 
position is  made  of  them, 
and  ichat  price  can  be  ob- 
tained for  them  ? 


\ln  case  you  tise  preserved   What  is  the  average  nnmifer 
soft  wood  sleepers^  do  you      of  laborers  required  for  a 


think  their  use  more  eco- 
nomical than  hard  wood 
icitkoiU  preparation,  if 
hard  icood  be  attainable  at 
about  the  same  cost  as 
treated  soft  icood  ? 


uumber  of  mUes  ef 
track  (when  preserved 
sleepers  are  used\,  whose 
principal  duty  it  is  to  keep 
the  track  in  repair  ? 


Tbe  kverm^e  life  is  abont  10 
Ttrare  ;   4  je*rs,  at  lemst,  are 
^-uoed  bv  the  preeerration. 
Specimen  ol  sleepers  lor- 


We    nse    chairs    upon  each      Yes. 
sleeper,  and  do  DOt  spike  the 
rail  upon  the  sleeper. 

(Sketch  of  permanent    way 
seat  herewith.) 


Treatiueut  will  uot  pteveu 
cutting,  but  the  base  of  qui 
chairs  is  rounded  eo  as  to  pre 
vent  cutting,  oi*  nearly  so. 


I  am  of  opinion  that  the 
atrongtb  is  not  lucreased.  but 
that  the  timber  is  made  ratlier 
"  crisper  "  by  treatment. 


They  make  very  yuud  leuce  We  have  had  i 
poats.  They  are  worth  about  as  to  hard  wood. 
Is,  (id.  per  sleeper  for  colHery 


Abont  21  platelayers  per  mile 
on  heavily  worked  portions  of 
road;  about  2  men  (1.9U)  per 
mite  where  the  work  is  lighter. 


18  to  30  yean,  depeoding  very         Chairs  28  lbs.  esch.  aecnred 

mndi  Dpoo  the  tdtoation.       '      either  by  two  fang  bolts  or  by 

(Tvo  Epecsmens  of  sleepers  *  two  spikes  and  two  wood  tree- 

Ibnnrded.  23  years  in  use.)  nails,  or  two  i^pikes  and  one 

treenail. 

We  use  both  the  VignoHea 
rail  and  the  double  bead  rail 
with  chairs. 


Chairs  cut  into  the  upper 
part  of  sleepers  before  the 
wood  is  quite  decayed,  but  my 
experience  is  that  a  properly 
designed  chair  will  not  seri- 
ously atfect  the  serviceability 
of   a  sleeper  during   its    lile- 


Both  for  sleepers  and  for  Yes,  in  the  same  degree  that 
bridge  timbers,  but  not  for  the  baulk  of  timber  containing 
cars.  rub^in  is  stronger  than  one  with- 


)  far  as  they  last 


None,  except 
the  pric 
cording 


^  -  .._  fire-wood  : 
.u..  which  range  ac- 
the  district. 


I    should   not    think   there  Depends  altr^ether  apon  the 

would    be   any   difft-reoue  in  amount  of  traffic;  on  doable 

point  of  economy  as  oak  will  line  2  men  per  mile;  on  single 

last  the  same  number  of  years,  line  1^  per  mile. 


Cast-iron  chairs  weighing 
36  lbs.  each,  llie  chairs  cost 
al>oQt  £3  per  ton. 


Creusoted  sleepers  hold  the  The   bearing  of  the  rail  or 

spike  better  after  some  ye-ars,  chair  should  be  large  enough 
because  they  do  not  decay  so  not  to  cut  into  the  wood  lor  the 
soon  as  unpreserved  sleepers,     given  traffic. 

Sleepers  do  not  cut  before 
they  decay,  if  the  bearing  sur- 
face is  large  enough. 

Creosotiug  does  not  harden 
the  wood. 


'e  use  creosoted  timber 
?  extensively  for  sea  works; 
^eiatB  tbe  worm  and  decay. 


!d  when         We  use  old  t 
equally     firewood,   kc, 
hcther  preserved  ties     soted  or  not. 


If  the  ties 
required,  the  road 


Probably  the  same,  but  thiR  About  4  men,  2-   miles  of 

depends  upon  the  Wo- >ds used:  double    bne  :     this    depends 

cannot  give  a  generiil  answer  much  npou  the  tr&ffic  and  other 

to  this  question.  circumstances. 


tbctrp 


entirely  upon 
and  the  traffic. 
Eht.  perfa^M.  t«ke  an 
apprvxtmatply.  of  15 
if  properly 


(Mttpto  of  pcrmaneot  way 


Cast-iron  chairs  weighing  40         Undoubtedly,    a     creosoled 
lbs.    each,    connected   to  the     sleeper  holdn  the  treenail  aud 
Sleepers  by  threespikesdriveu      tpike    much  better  than  one 
into  treenails  which  hare  been      uot  so  treated, 
previonely  bored    to    a    small 
size  8o  that  the  spike  may  fit 
tightly.      The    treenail   holds 
(a«t  to  the  croBS-graic  of  the 
sleeper  and  the  spike  driven 
through  the  longitadiiial  fibre 
of  the  treenail.  lorms  tue  best 
combined  fastening. 

(Ax.-tual  sample  forwarded  i 


The  cutting  is  prevented  as         We   use    creosoted    timber         I  consider  that  the  strength 
much  as  possible  by  extending     largely  for  other  purposes;  in     of  the  timber  is  increased  by 
ihe  base  of  thechairaud  uwiug      bridges,  piles,  platlorms,  etc.        the  i)reservation. 
tbe  best  attachments  between 
chair  aud  sleeper  to  prevtrut 
working  or  the  inlet  of  grit  be- 
tween the  surfaces.    No  doubt 
in  some  cases  of  very  heavy 
traffic  in  the  immediate  neigh- 
borhood of  London  and  other 
large  towns,  sleepers  wear  by 

mechanical  action  before  they  . 

decay  ;  but  preservation  tends  | 

to  toughen  the  wood  and  pre-  i 

serve  it  against  such  action,  j 

making  it  last  longer    under 
the  heavier  traffic. 


Old  sleepers  are  used : 
1st.  For  repairs  of  the  old 

road. 
2d.  For  laying  in  sidings, 
3d.  For  fence  posts. 
If  not  good  enough  for  these 
purposes,  they  are    used    for 
lighting  up  engines,    or    are 
sold  for  firewood. 


We  use  no  hard  wool ;  there-  A  gang  of  platelayers  gener- 
fnre  I  am  unable  to  spf  iik  from  ally  takes  an  average  length  of 
experience,  but  I  should  uot     abtmt  2  miles  of  double  liue; 


-  tbowtd  mj  tba  urtrnttK  Ufe 

rrwMttd  Am  pew   wUl  be 

■a«i  li  r«an.  in  bArij  favor- 

^rtriw— >Miii«  mimli^ht 


Two  cast-iroo  chairs  to  each 
•le«per.  Each  cbair  iqitked 
drnru  with  tbree  wroaght-fron 
spike* ;  each  chair  wei^jhs 
about  39  ib«.  and  each  spike 
about  1  lb. 


not        (LiUiograf>h  enclostMi.) 


I  have  not  observed  that  tbe 
spikes  are  better  held  in  creo- 
soted than  uucreoBoted  timber. 


C-hain  ar. 
tbm.  each,  and   each  'f^hair  is 
fastened  V/  the  sleeper  by  two 
•ffikea  and  two  treenails. 


ighlng  40      Cannot  say. 


I  have  tne  chair  made  with 
a  large  base,  which  prevents 
the  cutting  in  very  much. 

I  do  nut  find  that  creosotiug 
prevents  the  chairs  cutting 
Into  the  sleepers. 


The    cutting    of   the    chair 
I  Into  the  sleeper  depends,  in  u 

f;reat  measure,  upon  the  boar- 
ug  surface  of  the  chair.     Our 
I  present  chair  has  abasu  of  'JU 
inches,   which  we    find    suffi- 


Occasionully  havo  iniportant 
timbers  creosoted  in  connec- 
tion with  bridges  and  piers, 


Mo  oxperiuuce. 


nothing    but    Baltic 


IViHuds  ujvu  amount  of 
tralHc,  d«scriutiou  i^  ballast, 
dratua^e.  roatlway  formation, 
rtc.  In  ordinary  country  dis- 
tricts S  or  4  men  )>«r  mil« 
should  kl^ep  any  line  in  rvi«ir. 


MJkNVMKSTKK.  SHKVFlKl.li 
Jt  l.INiVI.XSHIRK  RAIL- 
WAV 


]1I1^1.\M'  RAILWAY. 


IniiU 


.  Johnston, 

KiiBlueer, 

Kngiuecre'  Ortlce, 

IVrby. 


This     company    h««    J»*t 
ailoptcd  thi>  oreonotlun  pro. 


KORTHKASTERN    R.A.LWAV.  =•  Copp|^b^..  ^,,  „c;S.We!y.''Iur're& 

'  Vork.     that  procesa  bavinji   provoa 

itaelf  to  be  tlie  most  offloaciouB. 


NORTHEASTERN  RAILWAY. 


Newcastle-ou-Tyne. 


This  company's  practice  is 
to  preserve  their  sleepers  with 
creosote  oil.  The  oil  is  dis- 
tilled Irom  coal  gas  tur. 


Hfuvt  11  Int'liOHluuH,  rentatiK* 
iilar.  li>  InohoH  wldo  and  n 
iuuhoHhlgh. 


About  ^  uallonn  of  orponoto        About  lOj  p»riiw  i^r  «lw.pM 
oil  lnjfl«t«d  luto  oocb  filooper. 


8  p«nce  per  iili>ep«r. 


fjirmtHHtAfw-jM    tittt  «M 


10    feet   louR.    rcctanRular,         Thin  Company  huH  Works  of 
10  Inches  by  6  Inclioa.  Its  »wn. 

(Spool flcatlons  (orwiirded.) 


Baltic  timber  termed  "  Riga  Baltic  sloepers,  rectaoRular, 

Red  Wood."  imported  in  the  8  Jeet  II  inches,  by  10  iuchea 

block,  and  Scotch  Fir  sleepers,  by  Sinches;  Scotch  Fir,  9  feet 

imported   from   Scotland.     Of  by  lO  inches  by  B  inrhes;  two. 

the  latter  we  can  only  get  a  thirds  slabbed  to  4  inches  on 

very  limited  quantity,  owing  iheback.  one-third  half  round. 

to  the  scarcity  of  timber.  (Specification h  forwarded.) 


From7penc«ton  p^nr*  per         About  U  ye»ni ;  i  jfM 
Hh-eper.  fjaioM  by  pttrnt^nttXfm. 


«lmi>«r      f^A    '9m0    't^it 

aJKMt  »  MM.  m4  ««*  «*• 
(l^*Oift<y»»»  ■  full 


•pikes  and  two  ImtaiA 


tfare*  fac«  a»«t,  flii   i  m 


AttheCompany'B  WorkHthe        From  9  pence  to  I  tchtllinK         71,^  avenge  life  of  a  creo-        B«a  is dcraUe  beaded -:&:*• 
Bleepers  are  put  into  a  cylinder     per  sleeper.  goted  sleeper  is  16  years  on  »     of  e*«t-l»o.  vewhoMM  a>a. 

and  the  uil  run  in  upon  them  _»_.j..».. :.._* — i.  — .•-__  .  -~    ?- 

until  the  cyhnder  is  lull.  A 
email  engine  is  then  applied 
lor  about  one  hour,  capable  of 
exerting  a  pressure  of  100  lbs. 
per  square  inch.  Bythismeaofl 
nj  gallons  of   oil  are  pressed 


into  each  sleeper. 


that  ab»at  8  yearaare  dne  to  the 

pretserration  uf  the  timber  by      spikM,  one  at  ?acii  adc  -A  ifcr 

creosote  oil.  rad  st  opposK  u^Ica.    Tie 

(Specimen    of    sleeper    for-     spikes  cost  abo-st  £a9»u*. 
warded.)  (Tracing  of  chur  aa£  <e«yer 

forwarded.) 


NORTH    STAFFORDSHIRE 


Stoke-upon-Xrent. 


Have  used  only  creoaoting         Baltic  timber    and  Euglisb         8  feet  10  inches,  by  10  inches         By  contract. 
L8  a  preservative.  Lnrch,  which  is  better  if  full      by  5  inches, 

grown. 


to  1  shiUing  per         ^^^  average  hfe  does  not  ei-  Chairg    u 

ceed  20    years,  of    which  not  weight   42 

more  than  7  are    gained   by  outside;  sir 

preservation,  6  in.;  cost  *■ 


;  6  in.  treeiiAU  Jisid- 


THE    HIGHLAND    RAILWAY    Mdbdocb  Patebson. 

Engineers'  Office, 
COMPANT.  iDveruess 


For  the  past  3.^,  years  we  have 
used  preserved  sleepers  in  our 
line  except  ihoee  of  Larch  and 
natural  grown  Strathspey 
(Scotch)  Fir,  which  we  do  not 
prepare.  The  only  preparation 
we  use  is  creosote. 


Baltic  Fir,  rectangular,  '. 
feet  by  10  inches  by  6  inches 
coat  unprf-paied  2a.  each 
Scotch  Fir.  9  leet  by  10  intli 
by  5  inches,  half  round,  wi 


\Vi-  have  Works  of  c 


th 


slab    off 

inches  wide  to  receive  chair, 

cost  unprepared  2s.  each. 


At  the  Company's  Works  the  6  pence  to  8  pence  per 
creosote  or  pitch  oil  is  forced  sleeper,  according  to  density, 
into  the  wood  in  an  air  tight      Open  wood  will  receive  more 


Onr  system  cmbnc«e  -MS 
miles,  neariy  all  aagie  Ine 
Of  this.  300  miles  area  dvirB, 
14  miles  patent  nd^e  nil  a 
88  miles  flange',  oc 
raiL  The  chairs  are  iC  CKS 
iron,  and  weigh  ^  31  36^  £ 
and  3TS  lbs.  each.  Al  karc 
two  plain  spikes  exo^  the 
latter,  which  has  chre*.  Ftiee 
of  chairs.  57= .  6d.  to  eBs.  per 
ton.  Rails  ire  keyed  ^th  aak 
keys.  Sleepers  are  liabbed 
do' back  to  leoeive  cfaKTi.  Tte 
bevel  of  1  in  ^  is  osE  a  sole 


GREAT    SOUTHERN    AND 
WESTERN  RAILWAY. 


CORK  AST)   BAKDON    BAIL-    J. 


Kingsbridge, 

DubUn, 

Ireland. 


Engineers'  Office, 
Albert  Quay, 

Cork, 
Ireland. 


I      We   creosote   our   sleepers.         Baltic   Red   Wood ;    also  a 

We  have  not  used  any  other     small  quantity  of  Scotch  Fir. 

method  of  preservation.    The 

French  used  sulphate  of  cop- 
j  per  largely  at  ona  time,  but 

I  believe  now  consider  creosote 

better. 


I  prefer  creosoted  sleepers. 


Rectangular,  9  feet  by  10 
inches  by  6  inches.  Cost  of 
unprepared  sleeper,  Ss.  7.3d. 


Rectangular,  9  feet  by  10 
inches  by  6  inches,  and  0  feet  \ 
by  9  inches  by  4.i  inches. 


Wfhave  Works  of  c 


2.27  gallons  of  oil  are  used 
,  for  each  sleeper.  Price  of  oil 
per  gallon  41  pence. 


11.8  pence  per  sleeper. 


Up  to  the  present  tune  the  n  e  do  not  nse  dhaxSk  1 

statistics  have  not  been  snffi-  spike  the  rails  dixectt- gIb 

cieutly  accurately  kept  to  an-  ers. 
swer  this. 


We  only  have  them  in 
about  "  years,  but  ihey 
perfectly  sound  stUl. 


Doable-head  rail  wr^  .-ha:^% 
spiked  to  sl«^i«r.  l^i  keye^ 
to  chair.     Co4t  cf  iii»g  dow* 


tK4         (l•tt^«V^l|^  MveK-tMiiO 


lh»   wwh.  wul   o*oh   -Jiwr  »i» 
i>(^ik««  and  tw*  inwnw  s. 


The  »T«i«?e  life  does  not  ex- 
ceed 30  yeare,  of  which  Dot 
nore  lh»n  7  are  gmined  by 
pn-eemiion. 


Thf    I'uttltiK    of   the    chair         rrooBotetl  tiinbor  1«  imi' 
into  tlio  (tU'tn'or  tU'nouiiH.  In  a     lividgoa,  oxcoptlUK  tho  pi 
Kivitt  nu'HKnrt*.  npuu  tho  hoar-     lug, 
ing  Burfiu'O  ol  tho  rhuir.    Ovir 
lii*cecut  cbttir  hnn  a  bauo  or  00 
inches,  which  we   fltul   num- 
cionL 


lb«. 


hairs  of  c^sX  niet&lMch  40        Only  to  ihe  oxteut  thnt  the 
««ighi  »nd  «^on^Jiug     wood  Aoe»  not  iloo&y. 


the  tit*  bv  tttV  wron^hl-inuu 
twisted  spikos.  I  «W  t*>  tho  ton 
ia.240  lb*.)  weight.  Between 
chair  and  nil  is  an  oik  cush- 
ion one  inch  thick,  which  %e 
consider  a  valuable  improTe- 
wenu  I 

(Ti«cing  of  rail.  i.'-l]Ur  and 
cushion  forwarded.] 

RaUi<doable  beaded;  chairs  Creosoted  sleepers  hold  the 

of  cast  iron,  wei^^huig  40  lbs.  spikes   better     than     uncrco  ^ 

each ;  cosi    now  £2. 1  i.  0.  per  soted. 
spikeJ  to  8l«eper 


cf  the  timber  by     spikes. 


by  two  wrought-irou  twisted 
3ne  at  each  side  of  the 
opposite  angles.    The 
spikes  cost  about  £8  per  ton. 

(Tracing  of  chair  and  sleeper 
fOTwarded.) 


Chairs  are  always  u&ed; 
weight  42  lbs.  each;  keyed, 
outside;  size  of  base  14  in.  by 
6  in. ;  cost  about  £3uu  per  mile. 
Attached  by  one  6  in.  spike  and 
one  6  in.  treenail  outside  and 
one  6  in.  treenail  inade. 


The  timber  holds  the  spike 
UDtU  decay  commences,  there- 
fore, if  the  timber  lasts  longer 
before  decay  commences,  the 
spike  is  held"  for  a  longer  time. 


but  I 


)  firmer  at  the  first. 


Undoubtedly  tho  tios  nre 
woru  iu  i<  lou^  bt'ioro  they  tiro 
dccaved.  They  Hi-e  then  rv- 
moved  fi'om  main  linos  Into 
sidings  and  goods  yards. 

No. 

Cannot  say. 


The  cutting  of  the  sleepers 
by  the  chairs  is  n  general  coni- 
plaiut ;  tho  preserving  of  the 
timher  will  not  prevent  this 
occurring.  Hard  wood  tim- 
ber, in  my  opinion,  would  cut 
less  rapidly  under  the  traffic. 


Flange  rails  and  small  chairs 
will,  under  heavy  traffic,  cut 
into    sleepers    very  much    in- 

CreosoUng  will  not  prevent 
this. 

Soft  wood  will  cut  more  raj  - 
idly,  considerably. 


Commonly  usod  when  tho 
work  is  intended  to  be  pt-r- 
niauout,  but  not  in  ours. 


No  eiperlonc:  u  Uj  hard 
I  wood  steepom. 


Do    not   consider  that   any  i      Fur  firewood.  We  sell  them  at         Have  no  experlerjcc*  on  thU        AVmt  I '/i  ttvm  wir  miU: '4 
"'    '  of  the  kind  follows.  from  15  to  2.'>  per  cent,  off  flrst     head.      Hard    wwda   In    ihfji     double  line.. 

coMt.  country  are  t^to  expenctve. 


Considerable     quantity     of        The  strength  of  the  timber 
creosoted  timber  is  used  in  the  ;  is   iucreuged    by   being    creo- 
reconstruction  of  bridges,  pl^l^     soted. 
forma,  shipping  jetties,  dock 
works,  etc. ;  it  Is  not  utied  in 
the  construction    of   any  de- 
scription of  vehicle. 


We  have  a  number  of  timber  No,  only  the  liie  increased, 

bridges  and  platforms  which  The  strength,  after  2t>  years' 

have  been  built  of  creosoted  wear,  is  very  much  greater  in 

limber.  creosoted  than  in  uncreuBoted. 


No  difference  Id  the  running 
between  a  creosoted  or  un- 
rrooBOted  road. 


Slf-epers,  no   longer  fit  for         Hard   wood  timber  of  any 
main  Ime.are  Hortcd  into  three     deiichption  will  uot  last  as  long 
rlasHcs — siding,    fencing    and      as  soft  timber  ttiat  has  been 
firewood.    Siding  sleeperF  are     creosoted.  unletiB  the  timber  is 
apparently  sound,  but  indent'     all  heart  and  of  an  exception- 
ed    by  the  chairs.     These  are      ably  good  class, 
adzed  for  the  chair,  used  for 
Kidtngs,  and  are  worth  from 
Is.  Ad.  to  2b.  each. 

Fencing  sleepers,  show  signs 
of  decay,  have  been  spiked  in 
all  the  four  holes,  and  are  used 
forjencing;  are  worth  Is.  each. 
Firewood  sleepers  are  used  for 
lighting  up  locomotives,  and 
ate  sold  for  firewood  at  prices 
from  3d.  to  6d.  each. 


Three  men  are  empVijed  on 
what  IN  termed  a  lenietb.  The 
lengths  vary  according  to  the 
traffic :  the  average  in  from  ]  >>f 


working  order,  aliw  attend  t 
all  gatei4    and    fences,    qnick- 
bedges,    signal   rods,    siation 
sidings,  etc. 


Only  as  the  longer  life  of  the 
sleeper  prevents  the  chairs 
cutting  in  so  soon,  through 
the  wood  becoming  rotten.  It 
then  becomes  time  to  re-sleeper  fencin' 
or  relay  the  line. 


That   depends    upon    their 

ondition   and  demand.     We 

^n   sell    to  collieries  and  for 

siding  purposes  ;  also  use  for 

6d.  to  Is  each. 


This  depends  upon  what  is  Two  men  per  mile  of  doable 
meant  by  soft  wood  and  what  line  for  permanent  way  pnr- 
by  hard.  poses  only. 

We  have  English  oak  sleepers 
that  have  lasted  ont  English 
larch. 


Oar  system  embraces  402 
miles,  nearly  all  single  line 
Of  this.  iSOO  miles  are  in  chuirs, 
14  miles  patent  saddle  rail  and 
88  miles  flimge,  or  fiat  bottom 
raiL  The  chairs  are  of  cast- 
iron,  and  weigh  20,  22,  26.  28 
and  37  s  lbs.  each.  All  have 
two  plain  spikes  except  the 
latter,  which  has  three.  Price 
of  chairs.  57e.  6d.  to  65s.  per 
ton.  Balls  are  keyed  with  oak 
keys.  Sleepers  are  slabbed 
on  back  to  receive  chain.  The 
t>evel  of  1  in  20  is  cast  In  sole 
of  chair. 


Iu  my  opinion,  preserved 
sleepers  hold  the  spike  better 
than  unpreserved  ones,  as  the 
preparation  renders  the  wood 
more  dense. 


So  far  as  our  experience  has 
gone,  our  prepared  sleepers 
are  not  so  quickly  cut  by  the 
chairs  as  non-preserved  ones. 
Treatment  tends  considerably 
to  prevent  cutting,  as  it  ren- 
ders the  sapwood  fully  as  hard 
and  durable  as  the  red  heart. 

My  opinion  is  that  oak  sleep- 
ers would  not  be  cut  by  the  : 
chairs  so  soon  as  those  of  pre-  ' 
'  pared  fir.  i 


We   creosote   all  our  timber 
for  bridges,  platforms,  fences, 
etc.,  provided  we  ur»  not  short      meut,  as  it  renders  the   sap 
of  oil.  wood  equal  to  the  heart. 


Prepared  sleepers  should 
make  a  smoother  road,  be- 
cause the  chairs  do  not  cut 
them  so  readily.    This  result 


As  valuable  as  unprepared. 
Wouid  not  sell  them  for  less 
than  about  one-tenth  of'their 
first  cost. 


If  I  could  set  them  at  the 
same  price  I  woold  use  hard- 
wood sleepers  in  preference  to 
prepared  fir.     But  hard  wood 


Onr  average  number  of  way- 
nen  is  1  man  per  mile  of  road. 
E  men  in  one  sqaad  to  3  miles 


>  the  present  tLtne the         Vie  do  not  nee  chairs,  but 
i  have  Qot  been  aaffi-     spiiEe  the  rails  direct  tc  sleep- 
caestly  accurately  kept  to  an-     ers. 


Creosoted  sleepers  do  not  cut  We  creosote  timber  used  for 

as  much  as  uncreosoted.    Our     bridges,  for  plaltorois,  for  tho 
traffic  is  not  heavy  enough  to      bottom  sheeting  of  some  wag- 
cut  the  sleepers.  one,   and  for  any  other   work 
that  has  to  stand  the  weather. 


The  timber  is  hardened  by         Makes 


!  Baltic  redwood. 


i  men  to  3  miles  of  doable 
liuf.  and  3  men  to  3  miles  of 
single  line.  In  large  ststioa 
yards  extra  men  are  required. 
There  are  also  inspectors  for 
about  25  miles  of  line. 


palecSlj  aoand  etilL 


I  think  so,  because  moisture 
which  gets  in  around  the  spike 
rots  the  unpreserved  sleepers, 


tougher  after         I  do. 
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PROCEEDIISraS. 


Vol.  V. — January,    1879. 

[Up  to  April  2d,  1879.] 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

Januaby  3cl,  1879. — The  Society  met  at  8  p.  m.,  the  President,  W. 
Milnor  Roberts,  in  the  chair. 

The  death  of  Samuel  J.  Reeves,  Member  A.  S.  C.  E. ,  was  announced, 
and  the  President  was  authorized  to  appoint  a  committee  to  prepare  a 
memoir. 

The  result  of  the  canvass  of  the  ballots  for  proposed  Amendments  to 
the  Constitution  and  By-Laws,  was  as  follows  : 

Upon  the  Codification  of  the  Constitution  and  By-Laws,  as  printed 
in  Proceedings,  Vol.  IV.,  page  95  (July,  1878),  there  were  74  Ayes  and  9 
Nays.     This  codification  was  thereupon  declared  adopted. 

Ul^on  the  Amendment  (marked  K)  to  Article  XVIII.  of  the  Constitu- 
tion, as  fyrinted  in  Proceedings,  Vol.  IV. ,  page  106,  there  were  81  Ayes 
and  5  Nays.     This  amendment  was  thereupon  declared  adopted. 


Upon  the  Amendment  (marked  L)  to  Article  XVII.  of  the  Constitu- 
tion, as  i^rinted  in  Proceedings,  Vol.  IV.,  page  107.  there  were  78  Ayes 
and  7  Nays.     This  amendment  was  thereupon  declared  adoi)ted. 

Upon  the  Amendment  (marked  N)  to  Article  XXIII.  of  the  Constitu- 
tion, as  printed  in  Proceedings,  Vol.  IV.,  page  108,  there  were  64  Ayes 
and  21  Nays.     This  amendment  was  thereupon  declared  adopted. 

Upon  the  Amendment  (marked  O)  to  article  XXXII.  of  the  Consti- 
tution, as  printed  in  Proceedings,  Vol.  IV.,  pnge  108,  there  were  79  Ayes 
and  7  Nays.     This  amendment  was  thereupon  declared  adopted. 

Upon  the  Amendment  (marked  P),  a  new  Article  of  the  Constitution, 
as  printed  in  Proceedings,  Vol.  IV. ,  page  108,  there  were  71  Ayes  and 
15  Nays.     This  amendment  was  thereupon  declared  adopted. 

Ujjon  the  Amendment  (marked  R)  to  Section  1  of  the  By-Laws,  as 
jjrinted  in  Proceedings,  Vol.  IV. ,  page  108,  there  were  80  Ayes  and  5 
Nays.     This  amendment  was  thereupon  declared  adopted. 

Upon  the  Amendment  (marked  S)  to  Section  23  of  the  By-Laws,  as 
printed  in  Proceedings,  Vol.  IV.,  page  109,  there  were  80  Ayes  and  6 
Nays.     This  amendment  was  thereupon  declared  adopted. 

Upon  the  other  proposed  Amendments  to  the  Constitution  and  By- 
Laws,  as  printed  in  Proceedings,  Vol.  IV. ,  pages  10.5,  106,  107  and  109, 
the  vote  was  as  follows: 

Upon  proposed  Amendment  to  Article  V.  of  the  Constitution  (marked 
B.)  5  Ayes,  81  Nays. 

Upon  proposed  Amendment  to  Article  V.  of  Constitution  (marked  C), 
0  Ayes,  85  Nays. 

Upon  proposed  Amendment  to  Article  V.  of  Constitution  (marked  D.),. 
•4  Ayes,  82  Nays. 

Upon  proposed  Amendment  to  Article  VI.  of  Constitution  (marked 
E.),  5  Ayes,  81  Nays. 

Upon  proposed  Amendment  to  Article  VI.  of  Constitution  (marked 
P.),  4  Ayes,  82  Nays. 

Upon  proposed  Amendment  to  Article  VI.  of  Constitution  (marked 
G.),  1  Aye,  84  Nays. 

Upon  proposed  Amendment  to  Article  VII.  of  Constitution  (marked 
H.),  3  Ayes,  82  Nays. 

Upon  proposed  Amendment  to  Article  IX.  of  Constitution  (marked 
I.),  9  Ayes,  76  Nays. 

Upon  proposed  Amendment  to  Article  X.  of  Constitution  (marked 
J.),  12  Ayes,  75  Nays. 

Upon  proposed  Amendment  to  Article  XIX.  of  Constitution  (marked 
M.),  11  Ayes,  74  Nays. 

Upon  proposed  Amendment  to  Section  24  of  By-Laws  (marked  T.),  16 
Ayes,  69  Nays. 

Whereiipon  these  proposed  amendments  (B,  C,  D,  E,  F,  G,  H,  I,  J, 
M,  and  T),  were  declared  not  adoisted. 


An  address  was  then  made  by  the  President,  aUuding  to  his  a-p- 
pi'oaching  visit  to  Brazil.* 

On  motion,  the  chair  was  taken  by  Martin  Coryell.  The  following 
resolution  was  adopted: 

Resolved,  That  a  committee  of  three  be  appointed  to  draw  up  resolu- 
tions in  reference  to  the  departure  of  the  President. 

Messrs.  Charles  Macdonald,  Mendes  Cohen  and  J.  J.  R.  Croes,  were 
appointed  such  committee. 

The  committee  presented  the  following  Preamble  and  Resolution, 
which  were  imanimously  adopted  : 

"Whereas,  The  President  of  this  Society,  Col.  W.  Milnor  Roberts,  has  announced  his  in- 
tention of  withdrawing  from  the  active  administration  of  the  duties  of  his  position,  in  conse- 
quence of  having  entered  upon  a  service  of  great  honor  and  trust  under  the  Government  of 
Brazil,  be  it, 

"Resolved,  That  we  desire  to  place  on  record  at  this  time,  our  sense  of  Col.  Roberts'  ser- 
viceB  to  the  profession  during  his  long  career  as  an  Engineer. 

"  Beginning  at  the  age  of  sixteen  on  the  Union  Canal  of  Pennsylvania,  he  was  intimately 
associated  with  the  development  of  the  most  prominent  canals  of  the  country. 

"  He  became  identified  with  the  railway  system  at  its  first  inception,  and  his  name  has  been 
connected  with  many  of  the  important  railways  of  the  United  States  ;  notably  with  the  Alle- 
gheny Portage,  the  Harrisburgh  and  Lancaster,  now  part  of  the  main  line  of  the  Pennsylvania 
Railroad,  the  Bellefontaine  and  Indiana,  the  Iron  Mountain  of  Missouri,  several  railroads  in 
Iowa,  and  the  great  Northern  Pacific  Railroad,  of  which  he  still  remains  Chief  Engineer. 

"  His  abilities  as  a  Hydraulic  Engineer  have  been  recognized  in  his  appointment  by  the 
Government  to  the  charge  of  the  Ohio  River  Improvement,  and  as  one  of  the  Commissioners  to 
advise  in  regard  to  the  regulation  of  the  mouths  of  the  Mississippi  River,  in  the  execution  of 
which  duty  he  visited  Europe  with  the  Commission,  and  examined  the  principal  works  of  river 
improvement  there. 

"  He  has  also  been  engaged  as  Consulting  Engineer  upon  many  important  questions  per- 
taining to  the  water  supply  of  several  of  our  principal  cities. 

"  During  his  long  connection  with  the  direction  of  the  Society,  Col.  Roberts'  active  inter- 
est in  its  affairs  has  been  of  great  advantage,  and  his  wise  counsel  has  materially  aided  his 
colleagues  in  the  settlement  of  many  difiicult  questions,  and  the  furtherance  of  the  objects  of 
the  associatiin. 

"  While  his  absence  will  be  seriously  felt  by  them,  they  are  reconciled  thereto  by  the  con- 
viction that  it  will  inure  to  the  benefit  not  only  of  himself  and  the  enlightened  government 
which  has  employed  him,  but  of  the  profession  of  which  he  is  an  honored  member." 

The  President  resumed  the  chair.  The  reading  of  the  paj^er  an- 
nounced for  this  evening  was  postponed  until  the  next  meeting. 

January  15th,  1879. — The  Society  met  at  8  p.  m.,  Charles  Macdonald 
in  the  chair. 

A  paper  presented  at  the  Annual  Meeting  with  the  report  of  the  Com- 
mittee on  Resistances  of  Trains,  being  a  report  of  exj)eriments  upon  the 
resistances  of  rolling  stock,  made  by  A.  M.  Wellington,  under  the  direc- 
tion of  Charles  Paine,  was  read  and  discussed. 

February  5th,  1879. — The  Society  met  at  8  p.  m.,  William  H.  Paine 
in  the  chair. 

*  See  page  6. 


The  ballots  to  determine  the  place  for  the  Eleventh  Annual  Conven- 
tion Tvere  canvassed,  and  the  result  announced,  as  follows: 

For  St.  Louis 73  votes 

For  Cleveland 82     " 

For  San  Francisco 1     " 

In  accordance  with  this  vote  it  was  determined  that  the  Eleventh 
Annual  Convention  should  be  held  at  Cleveland. 

The  ballots  for  membership  were  canvassed  and  the  following  candi- 
dates were  declared  elected  as  members:  William  H.  Bradley,  of  Boston, 
Mass.,  and  Hamilton  Smith,  jr.,  of  San  Francisco,  Cal. 

A  paper  entitled  "Engineering  Questions  Involved  in  the  Develop- 
ment of  Electric  Lighting,"  by  Stephen  Chester,  was  read  by  the  author, 
and  discussed  by  Messrs.  Chester,  Dresser,  Haswell,  Morison,  Searles  and 
Yardley. 

Febeuaby  19th,  1879. — The  Society  met  at  8  p.  3i.,  Past-President 
"William  J.  McAlpine  in  the  chair. 

A  paper  by  Julius  H.  Striedinger,  entitled  "  Notes  on  Gelatine  Dyna- 
mite," was  read,  and  discussed  by  Messrs.  Chanute,  Cooper,  Emery,  Geo. 
S.  Greene,  jr.,  Haswell,  Wm.  J.  McAlpine  and  Yardley. 

Makch  5th,  1879.  —  The  Society  met  at  8  p.  m.  ,  Ashbel  Welch  in  the 
ohaii-. 

The  death  of  Robert  G.  Hatfield,  member  American  Society  Civil 
Engineers,  was  announced,  and  William  E.  Worthen,  James  O.  Morse 
and  John  Bogart  were  appointed  a  committee  to  iirei^are  a  memoir  of  Mr. 
Hatfield. 

The  appointment  of  John  Griffen  and  Alfred  P.  Boiler  was  announced, 
as  a  committee  to  prepare  a  memoir  of  the  late  Samuel  J.  Reeves. 

The  ballot  for  membership  was  canvassed,  and  the  following  candi- 
dates declared  elected: — As  Members:  James  E.  Bell,  of  Cincinnati,  O., 
Thomas  Egleston,  of  New  York,  Montgomery  Meigs,  of  Washington,  D, 
C,  and  Joseph  O.  Osgood  (elected  Junior  May  3d,  1876),  of  Canon  City, 
Col. 

As  Associate:  Alexander  Gofdon,  of  Cincinnati,  O. 

As  Junior:  James  P.  Allen,  of  Charleston,  S.  C. 

A  communication  from  Moucure  Robinson,  and  a  report  made  by  him 
in  the  year  1829  embracing  the  original  recommendation  for  the  plan  of 
crossing  the  Allegheny  Mountains  by  inclined  planes,  were  read,  and  dis- 
cussed by  Messrs.  Compton,  Emery,  Haswell,  North,  Searles  and  Welch. 

Additional  experiments  with  dynamite  were  described  by  Charles  H. 
Haswell,  and  the  subject  of  high  explosives  was  discussed  by  Messrs. 
North  and  Striedinger. 


March  19th,  1879.— The  Society  met  at  8  p.  m.,  Past  President  George 
S.  Greene  in  the  chair. 

A  paper  by  W.  A.  G.  Emonts,  entitled  "Parabolic  Arches  for 
Masonry,"  was  read  and  discussed. 

An  informal  discussion  followed  upon  the  general  policy  of  the 
Society. 

ApEiii  2d,  1879.  —The  Society  met  at  8  p.  m..  Past  President  George 
S.  Greene  in  the  chair. 

The  death  of  Alfred  W.  Craven,  Past  President  American  Society  of 
Civil  Engineers,  was  announced,  and  the  following  committee  was  ap- 
l^ointed  to  prepare  a  memoir  of  Mr.  Craven:  George  S.  Greene,  William 
E.  Worthen,  Julius  W.  Adams  and  Allan  Campbell. 

Gen.  J.  G.  Barnard,  then  read  a  paf)er  on  the  construction  of  the 
Miuot's  Ledge  Light  House,  including  with  it  a  memoir  on  the  subject 
by  the  late  Gen.  B.  S.  Alexander. 

Gen.  J.  G.  Barnard  also  jjresented  an  account  of  the  settlement  of  Fort 
Li%'iugston,  Fla.,  and  referred  to  the  probable  cause  of  settlement  of 
Pier  2  of  South  Street  Bridge,  Philadelphia. 

George  W.  Dresser  gave  an  account  of  the  foundations  of  a  large  hos- 
pital in  New  York  City. 

Francis  Collingwood  gave  an  account  of  the  method  of  providing  for 
special  cases  in  the  foundations  of  the  piers  of  the  New  York  and  Brooklyn 
Bridge. 

The  following  resolution  was  offered  by  Theodore  Cooper: 

Resolved,  That  an  invitation  be  extended  to  the  editors  of  Engineer- 
ing journals  to  attend  our  meetings;  and  that  all  reasonable  facilities  be 
given  them  to  report  such  abstracts  of  the  papers  and  discussions  as  they 
may  desire  to  publish. 

The  question  was  discussed  by  Messrs.  Chanute,  Cooper,  Ci'oes, 
Dresser,  G.  S.  Greene,  G.  S.  Greene,  Jr. ,  and  Macdonald. 

The  following  rule,  adopted  by  the  Board  of  Direction,  was  read  for 
the  information  of  the  Society  : 

'"That  business  proceedings  are  not  to  be  reported  for  the  public 
press.  Notices  of  meetings  held,  and  of  the  jsapers  read  and  discussion 
thereon,  may  be  reported.  Abstracts,  giving  the  general  tenor  of  the 
papers,  etc. ,  may  be  i^ublished  in  advance  of  the  issue  of  '  Transactions  ' 
if  approved  by  the  Secretary." 

The  resolution  offered  by  Mr.  Cooper  was  then  withdrawn  by  him, 
and  on  motion  of  Mr.  O.  Chanute,  it  was  referred  to  the  Board  of 
Direction. 

Mr.  Chanute  gave  notice  that  at  the  next  meeting  of  the  Society  he 
would  offer  the  following  preamble  and  resolution  : 

Whereas,  Every  possible  effort  should  be  made  to  increase  the  sphere 
of  usefulness  of  the  Society  and  to  enlarge  its  membership  as  well  as  to 
promote  active  intercourse  between  all  its  members,  therefore,  be  it 


Resolved,  That  the  following  suggestions  and  such  others  as  may  be 
submitted,  be  printed  and  distributed  among  the  members,  -with  the 
request  that  they  shall  favor  the  Secretary  as  soon  as  possible  with  their 
opinions,  as  well  as  with  such  other  suggestions  as  they  may  wish  to 
oflfer,  so  that  action  upon  the  same  may  be  taken  at  the  next  convention. 

SrGGESTIOXS. 

1st.  That  provision  be  made  for  the  holding  of  more  than  a  single 
convention  in  each  year  for  professional  intercourse. 

2d.  That  papers  be  annually  invited  from  members  upon  subjects 
of  general  interest,  to  be  specified  by  the  Board  of  Direction. 

3d.  That  a  system  be  established  to  award  special  recognition  for  the 
best  paj)ers  contributed  each  year. 

4th.  That  present  members  be  encouraged  to  propose  worthy  per- 
sons for  new  members,  associates  and  fellows. 

5th.  That  to  promote  the  discussion  of  papers,  advance  copies  be 
issued  to  such  members  as  may  be  specially  qualified  to  take  part  in  the 
same. 

6th.  That  members  be  encouraged  to  make  use  of  the  facilities  of 
the  Society  in  New  York,  for  obtaining  professional  information. 


NOTES    AND    MEMORANDA. 


REPORTS  OF  MEETINGS. 


Address    made    by   President  W.   Milsor  But  two   months    have    passed    since    the 

Roberts,  at  the  meeting  of  the  Society,  Janu-  members  of  the  Society  did  me  the  honor  to 

ary  3,  1879  *  elect  me  their  President  for  the  present  year. 

The  members  present  are   already  aware  and  it  would  have  been  a  great  gratification 

that  I  have  accepted  a  position  as  engineer  in  to  me  to  have  continued  to  preside  in  that 

the  service  of  the  Brazilian  Government;  an  honorable  position   during  the   entire   year, 

appointment  unsolicited  on  my  part,  and  made  Last  year  our  worthy  President,  E.S.  Ches- 

without  my  knowledge,  upon  the  nomination  brough,  of  Chicago,  being  prevented  by  his 

of  our  fellow  member,  Capt.  Eads,  to  whom  professional  engagements  from  attendance  at 

the  Emperor,  Dom  Pedro  the  Second,  had  ad-  the   Society's  rooms  iu   this   city,   devolved 

dreaded  an  autograph  letter,  requesting  him  most  of   the   duties   upon  myself  as  Senior 

to  nominate  an  experienced  engineer  to  take  Vice-President,   during  most  of    the  season, 

the  direction  of  the  Improvement  of  the  San  Now  it  falls  to  my  lot,  in  consequence  of  my 

Francisco  River.     At  the   suggestion  of  Mr.  new  engagement,  to  ask  the  Senior  Vice- Presi- 

Borges,  the  Brazilian  Minister,  the  appoint-  dent  to  fulfill  the  duties  which  properly  belong 

ment  was  afterwards  made  more  general,  re-  to  the  President,  and,  doubtless,  he  will  do 

quiring  me  to  act  as  engineer  upon  any  of  the  them  well. 

public  improvements  the  Governnent  might  Those  who  are  familiar  with  the  working  of 

desire.     The   engagement  is  for  three  years  the  Board  of  Direction  (and  Trustees)  of  the 

from  the  beginning  of  January  of  this  year,  Society  are  aware  that  by  far  the  greater  part 

1879.  of  the  labor  naturally  and  necessarily  devolves 


*  See  Minutes,  p.  3. 


upon  the  Secretary  and  the  Treasurer,  under 
the  instructions  and  supervision,  it  is  true,  of 
the  Board  of  Directon.  To  the  faithful  and 
intelligent  action  of  these  officers  much  of 
the  past  success  and  present  prosperity  of  the 
Society  are  due,  and  I  am  quite  sure  that  the 
same  solicitude  for  tlie  best  interests  of  our 
members,  as  a  body,  will  be  maintained  here- 
after by  those  gentlemen. 

The  field  upon  which  I  am  about  to  engage 
in  South  America,  though  upon  the  same 
hemisphere,  can  only  be  conveniently  ap- 
proached from  the  United  States  by  water, 
and  over  five  thousand  miles  of  ocean  inter- 
vene between  New  York  and  Rio  Janeiro,  the 
capital  city  ot  Brazil,  requiring  about  twenty 
days'  steaming,  or  twenty-two  days,  including 
the  usual  stops  at  St.  Thomas,  Para,  Pernam- 
buco  and  Bahia.  Beside.s  this  direct  monthly 
steamship  communication,  there  is  regular 
steam  communication  between  the  two  coun- 
tries via  England,  France,  Germany,  etc., 
while  much  of  the  commerce  between  the 
United  States  and  Brazil  is  still  carried  by  sail- 
ing vessels. 

This  is  not  my  first  visit  to  Brazil  ;  I  spent 
seven  years  in  that  country — between  1858 
and  1855 — as  senior  partner  of  the  company 
who  biiilt  the  2d  section  of  the  "  Dom  Pedro 
Segunda  Railway,"  at  the  time  deemed  to  be 
one  of  the  most  difficult  works  ever  projected. 
Greater  works  have  since  been  constucted  in 
Europe  and  on  the  west  coast  of  South  Amer- 
ica, but  the  undertaking  of  the  Brazilian 
railroads,  nearly  a  quarter  of  a  century  ago, 
exhibited  great  foresight  as  well  as  most 
liberal  enterprise  on  the  part  of  the  Govern- 
ment. With  an  enlightened  and  energetic 
Emperor,  devoted  to  the  maintenance  of  an 
admirable  written  Constitution,  and  ably  sup- 


ported by  a  Parliament  and  Council  composed 
of  educated  gentlemen,  the  future  of  Brazil 
should  be  very  great.  In  1865,  before  leaving 
that  country.  I  had  the  honor  to  take  part  in 
calling  public  attention  to  the  importance  of  a 
direct  steamship  line  between  Brazil  and  the 
United  States,  which  was  soon  after  estab- 
lished, sustained  in  part  by  subsidies  from 
both  governments.  After  running  some  years 
that  line  was  withdrawn.  Recently  another 
line  has  been  put  on,  and  it  is  to  be  hoped 
that  the  Government  and  people  of  the  United 
States  will  encourage  more  frequent  inter- 
course between  the  two  countries,  to  their 
mutual  advantage. 

Being  so  far  away,  I  shall  miss  the  profes- 
sional and  social  gatherings  of  our  members, 
and  for  a  time  I  will  have  to  content  myself 
with  the  reading  of  the  published  Transac- 
tions and  Proceedings.  I  trust,  however,  that 
they  will  lose  none  of  their  interest  in  con- 
sequence of  the  distance  they  must  traverse. 
Though  absent  in  body,  I  will  be  present  with 
you  in  spirit  ;  and,  should  there  be  time  and 
opportunity,  I  may  be  able  to  contribute  an 
occasional  paper  relating  to  South  Amer'ca, 
which  may  have  interest  for  members  in 
North  America. 

Ours  i.s  ihe:  "  American"  Society  of  Civil 
Engineers.  It  knows  no  "North,"  no  "South," 
save  as  amicable,  continental  designations. 

I  cannot  but  feel  sad  at  parting  for  several 
years  with  so  many  associates  and  personal 
friends  who  have  been  so  uniformly  kind,  but 
soon  this  feeling  will  give  place  to  pleasurable 
recollections,  which  I  shall  carry  with  me 
wherever  I  go. 

I  bid  you  one  and  all  an  affectionate  adieu. 
May  God  bless  you  all. 


LIST  OF  NEW  BOOKS  ON 

ENQINEERING    AND    TECHNOLOGY. 


Architecture.  Town  and  country  mansions 
and  suburban  houses,  with  notes  on  the 
sanitary  and  artistic  construction  of  houses. 
W.  Young,  New  York.  Fol.  30  plates. 
Spons.     $12.50. 

Army  Sacrifices  ;  or.  Briefs  from  Official 
Pigeon-Holes.  Sketches  based  on  Official 
Reports,  grouped  together  for  the  purpose 
of  iliustratmg  the  services  and  experiences 
of  the  Regular  Army  of  the  United  States 
on  the  Indian  Frontier.  Maj.-Gen.  Jas.  B. 
Fry,  U.S.  A.  New  York.  16mo.  Van  ISos- 
trand.     $1.00. 


Canal  and  Culvert  Tables,  based  on  the  for- 
mula of  Kutter,  under  a  modified  classifica- 
tion. With  explanatory  text  and  examples. 
Louis  DA.  Jackson.  London.  8vo.  W.  H. 
Allen.     28s. 

Cast  Iron  Pipes.  Ernest  Benedict.  New  York. 
8vo.     Sprtns.     SO.  20. 

Catah  gue.  The  American of  books  in  print 

and  for  sale  on  July  1,  1876.  Vol.  1.  Au- 
thors and  Titles.  Parts  1  and  2.  A.  to 
Lennox.  By  F.  Leypoldt  and  L.  E.  Jones. 
New  York.  Quarto.  Lenpoldt.  For  the  two 
volumes  complete,  $25.00. 


Coal,  The  History  of  ;  lecture  at  King's 

College.  T.  Wiltshire.  London  and  New- 
York.     8vo.     Spans.     80.40. 

Corals  and  Coral  Islands.  Maps  and  illus. 
James  G.  Dana.  New  York.  Dodd,  Mead  & 
Co.     $3.50. 

Dampness,  Traite  complet  siir  Thumiditfe 
qui  se  fait  seutir  dans  la  plupart  des  habita- 
tious.  P.  Vienot.  Paris.  8vo.  New  York. 
Van  Xostrand.     $1.00. 

Education  as  a  Science.  Alexandor  Bain. 
London.     8vo.     C.  K.  Paul  d:  Co.     58. 

Electric  Light.  Farmer  on  the  Electric  Light; 
extracts  from  "  The  Speaking  Telephone, 
Electric  Light,  and  othf^r  recent  electrical 
inventions."  G.S.  Prescott.  Newport,  K.  I. 
8to.     C.  E.  Hammett.     $0.15. 

Electric  lighting.  Useful  information  on 
practical  electric  lighting.  Killingsworth 
Hedges.     New   York.     Bvo.     Spons.     $0.40. 

Engineers',  Architects'  and  Contractors' 
Pocket  Book  for  1879.  London.  12mo, 
bound.     Crosby  Lockwood.     6s. 

Euel:  Its  Combustion  and  Economy.  Con- 
sisting of  Abridgements  of  a  Treatise  on 
the  Combiisiion  of  Coal  and  the  Prevention 
of  Siui'ke,  by  C.  W.  Williams,  and  t  le 
Economy  of  fuel,  by  T.  Symes  Prideaux. 
With  extensive  Additions  on  Rece  t  Prac- 
tice in  the  Combustion  and  Economy  of 
Fuel,  (  oal,  Coke,  Wood,  Peat,  Petroleum, 
&c.,  by  the  Editor,  D.  Kinear  Clark. 
(Weale's  Series.)  London.  12mo.  Crosby 
Lockwood.     48.  6d, 

Health,  and  How  to  Promote  it.  By  Richard 
McSherry,  M.  D.,  President  of  the  Balti- 
more Academy  of  Medicine,  12mo.  New 
York.     AppletoH.     $1.25. 

,  The   Public.     Suggestions    as  to  the 

Prejjaration  ol  District  Maps  and  plans  for 
IMaiu  Sewerajre,  Drainage  aud  Water  Sup- 
ply. With  18  Plans.  Koy.  8vo.  R.  Raw- 
linson.  London.  British  Government  Pub- 
lication.    3s. 

Illuminating:  A  Practical  Treatise  on  the  Art. 
By  Marcu.<  Ward,  illuminator  to  the  Queen. 
With  1>6  Examples  of  the  Styles  prevailing 
at  the  ditferent  Periods,  from  the  Sixth 
Century  to  the  Present  Time;  chromo- 
fjraphed  in  facsimile  and  in  outline.  Fcap, 
4to.     London.     Marcus  Ward  it-  Co.     58. 

Lithography:  Grammar  of  Lithography.  A 
Practical  Guide  for  the  Artist  and  Printer 
in  Commercial  and  Artistic  Lithography, 
Zincography.  Photolithotjraphy  aud  Litho- 
graphic Machine  Printing.  Edited  and  re- 
vised, with  an  Introduction,  by  the  Editor 
of  "The  Printing  Press  and  Lithographer." 
Post  8vo.  W.  D.  Richmond.  London. 
Wyman.     58. 

Map  Drawing;  The  parallel  anci  meridional 
system.  W.V.Marshall.  4to.  New  Y'ork. 
Barnes.     $0.25. 

Mathematical  Problems.  Jos.  Wastenholme. 
8vo.  London.  2d  ed.  enl.  New  York. 
Macmillan.     $6.00. 

Mathematical  Tables.  James  Pry de.  New  ed. 
12aio.  Edinburg,  Chambers.  New  Y'ork, 
Worthinglon.     $1.75. 

Municipal  Corporations  Companion,  Diary, 
Directory,  and  Year-Book  of  Statistics  for 
1879.     8vo.      London.      Waterlow.     58. 

Physics,  Piactical  Physics,  Molectilar  Physics 
and  Sound.  (London  Science  Class  Book.) 
F.  Guthrie.  18mo.  London.  Longman's. 
Is.  6d. 


Physical  Forces,  new  and  original  theories. 

H.  Ravmond  Rogers.  12mo.  Dunkirk,  N.Y'. 

C.  A'.  'aIjcI  <£•  Son.     $0.60. 
Price  Book  for  Builders  and  Contractors  for 

1879.      (Weale's   Series.)      12mo.     London. 

Lockwood.     3s.  6d. 
Science  Text  Books.     16mo,  fully  illustrated. 

New  York.     Ap/Aeton  : 

1.  The    Elements    of   Mechanism.       By 

Professor  T.  M.  Goodeve,  M.  A. 
$1  50. 

2.  Metals  ;    Their  Properties  and  Treat- 

ment. By  Professor  C.  L.  Bloxam. 
$1.50. 

3.  Introduction  to  the  Study  of  Inorganic 

Chemistry.     By  W.  A.  Miller,  M.  D., 

D.  C.  L.,  LL.D.     $1.50. 

4.  Theory   of  Heat.     By   Professor  J.  C. 

Maxwell,  M.A..  LL.D.     $1.50. 

5.  The   Strength  of  Materials  and  Struc- 

tures. By  J.  Amierson,  C.  E.,  LL.  D., 
F.  H.  S.  E.     SI. 50. 

6.  Electricitv  and  Mdgnetism.     By  Profes- 

sor F.  Jeukin,  F.  R.  SS.  L.  &  E.,  M.  I. 
C.  E.     |1  50. 

7.  Workshop   Appliances,   including  Ma- 

chine-Tools  used  by  Engineers.  By 
C.  P.  B.  Shelley.  C.  E.     $1.50. 

8.  Princioles  of  Mechanics.     By  Professor 

T.  M?  Goodeve,  M.  A.     $1.50. 

9.  Introduction  to  the  Study  of  Organic 

Chemistry.  By  Professor  H.  E.  Arm- 
strong, Ph.  D.,  F.  C.  S.     SI. 511. 

10.  Qualitative  Chemical  Analysis  and  La- 

boratorv  Practice.      By   Profe.^sor  T. 

E.  Thorpe,  Ph.  D.,  F.R.S.E.,  and  M. 
M.  P.  Muir,  F.R.S.E.     $1.50. 

11.  Telegraphy.     By  W.  H.  Preece.  C.  E., 

and  J.  Sivewright,  M.A.     $1.50. 

12.  Railway  Appliances.     By  J.  W.  Barry, 

C.E.     $1.50. 

13.  The  Art  of  Electro-Metallurgy.     By  G. 

Gore,  LL.D..  F.R.S.     $2.50. 

14.  Introduction  to  the  !-tudv  of  Chemical 

Philosophy.  By  W.  A.Tilden,  D.Sc. 
Lond.,F.C.S.     SI. 50. 

15.  The  Elements  of  Machine  Design.    By 

Professor  W.  C.  Unwin,  0.  E.     $1.50. 

16.  Treatise  on  Photography.     By  Captain 

W' .  De  Wiveleslie  Abney,  F.  R.  S. 
$1  50. 

17.  The  Study  of  Rocks  ;  an   Elementary 

Text-Book  of  Petrology.  By  Frank 
Rutley,  F.G.S.,  of  H.  M.  Geological 
Survey.     $i.75. 

Steam   Engine,   Text-Book  on  the . 

T.  M.  Goodeve.  12mo,  Ulus.  New  York. 
Van  yoslrand.     $2.50. 

Strensth  of  Materials.  Wm.  Kent.  (Science 
Series  No.  41.)  16mo.  New  York.  Van 
Nostrand.     $0.50. 

Telegraphy.  Book  for  beginners.  F.  S. 
Beechey.  8vo.  London  and  New  York. 
kpons.     SO. GO. 

Turbine  Wheels.  On  the  inapplicability  of 
the  Theoretical  Investigation  ot  the  Turbine 
Wheel  as  given  by  Uankiue,  Weisbach, 
Brosse  and  others,  to  the  Modern  Construc- 
tions introduced  by  Boyden  and  Francis. 
By  Prof.  W.  P.  Trowbridge.  18mo,  illus- 
trated. (Science  Series  No.  44.)  New  Y'ork, 
Van  Nostrand.     $0.50. 

Warming  Buildings.  Practical  treatise  on 
warming  buildings  by  hot  water,  steam  and 
hot  air  ventilation,  and  the  various  methods 
of   distributing  artificial    heat,   and    their 


effects  on  animal  and  vegetable  physiolopy; 
[also]  an  inquiry  into  ibe  laws  of  radiant 
and  conducted  heat,  cbeniical  constitution 
of  coal,  and  cimbusticn  of  smoke.  C. 
Hood,  5thed,,enl,  8vo,  illus.  New  York. 
Spans.  $4.25. 
Woods,  Native  and  Foreign.  Les  Bois  Indi- 
genes et  Etrangers  :  hewr  Physiologie,  Cul- 


ture, Production,  Qualites,  Defauts,  Statis- 
tique,  etc.  far  Alph.  E.  Dupimt,  Ingenieur 
des  Ci instructions  Navales,  et  Bouquet  d© 
la  Grye,  Conservateur  des  Forets,  Un  Vo- 
lume in  8=,  orne  de  l(J2Gravnre8.  Prix.  12fr. 
Tear  book  of  facts  in  Science  and  the  Arts  lor 
lb78.  J.  Mason.  8vo.  London.  Ward  <£ 
Lock.     2s.  6d, 


ADDITIONS    TO 

LIBRARY    AND     MUSEUM. 


From     Administration    des     Ponts    et 
Chausees,  Paris  : 
Annales,  January,  1879. 

From    American    Institute    of   Mining 
Engineers,  Thomas  M.  Drovcn,  Secre- 
tary. E;tston.  Pa.: 
Transactions,  Vol.  VI.   May  1877,  to  February, 
1878. 

From  Geo.  D.  Ansley,  City  Surveyor, 
Montreal,  Canada  : 
Keport  of  the  City  Surveyor  of  Montreal,  for 
1878. 

From  Argentine  Scientific  Society,  Don 
Felix    Amoretli,    Secretary,    Buenos 
Ayres  : 
Annals    ot    the    Society.      December,    1878. 
January,  1879. 

,        From  Austrian  Society  of  Engineers  and 
ArL-liitects,  Vienna.  Aus'ria  ; 
Zeitschrift.     Dr.   Wilhelm   Finter,   Kedaktor. 
PartXlI.     1878.     Part  I.     1«79. 

From   Board  of  Water  Commissioners, 
Buffalo,  N.  Y  : 
Tenth  Annual  Report  of  Buffalo  City  Water 
Works.     Buffalo.     1879. 

From  Robert  Briggs,  Philadelphia  : 
Machines  for  making  Ice.    using    Sulphurous 
Acid  or  Ammonia  in   the  process.     Robert 
Briggs.    Philadelphia.     1870. 

From  W.  E  C.  Coxe,  Philadelphia  : 
Keport  of  'he  President  and  Managers  of  the 
Philadelphia    anJ     Reading     Railroad    Co. 
Philadelphia.     1879. 

From  J.  James  R.  Croes,  New  York  : 
Annual  Report  ot  the  Newark,  N,  J.,  Aqueduct 
Board,  for  the  year  ending   November  30th, 
1878.    Newark.     1878, 
One  Photograph  "  Mattracs  Revetment,"    on 
the  upper  Missouri  River  in  1878,  in  charge 
of  S.  H.  Yonge,  Asst.  U.  S.  Civil  Engineer. 
From   Joseph  P.  Davis,  City  Engineer, 
Boston  : 
Annual  Report  of  the  City  Engineer  of  Bos- 
ton, lor  1878. 

From  Fred,  de  Funiak,  Louisville.  Ky. : 
Annual    Report   of  the  Louisville  and  Nash- 
ville Railroad  Co.      June  30th,  1878. 
Cost   of  road  repairs  for  six  months,  ending 
December  31,    1878.     Lou.  and  Nash.,  and 
South  and  North  Ala.  Railroads. 
Itemized  statement  of  car   repairs,   and  ex- 
penses lor   six  months,  ending  December 


31,  1878.     Lou.  and  Nash,  and  South   and 
North  Ala.  Railroads. 

From  Franklin  Institute,  Philadelphia  : 

Journal  of  the  Institute  for  January  and  Feb- 
ruary, 1879.     Philadelphia.     1879. 

From  F.  U.  Farquhar,  Rock  Island,  111.: 

Annual  Report  of  the  Railroad  Commissioner* 
of  Minnesota,  for  1875.  J.  J.  Randall.  St. 
Paul.     1876. 

Second  Annual  Report  of  the  Geological  and 
Natural  History  Survey  of  Minnesota.  St. 
Paul.     1874. 

Report  of  the  Canal  Commissioners  of  Minne- 
sota, k  r  187-^.     St.  Paul.     1876. 

Second  Annual  Report  of  the  State  Fish  Com- 
missioners ot   Minnesota.     St.  Paul.     1876. 

Statistics  of  Minnesota,  for  1871,  1872,  187a 
and  1874. 

Annual  Report  of  the  Board  of  Regents  of  the 
University  of  Minnesota.      1872   and   1874. 

First,  Second,  Fourth,  Fifth,  Sixth  and 
Seventh  Annual  Reports  of  the  St.  Paul, 
Minn.,  Chamber  of  Commerce. 

Peat  lor  Domestic  Fuel.  S.  F.  Peckham. 
Minneapolis.     1874. 

From  Hon.  A.  A.  Haggett,  Lowell, 
Mass.: 

Sixth  Annual  Report  of  the  Lowell  Water 
Board.     Lowell.    1ST9. 

From  Hon.  Abram  S.  Hewitt,  New  York; 

Our  National  luheriteuce.  and  how  to  enjoy  it. 
Abraham  S.  Hewitt.  Washington.  1879. 
(Copies  for  distribution.) 

trom  General  A.  A.  Humphreys,  Chief 
of  Engineers,  U.  S.  A.,  Washington, 
D.  C: 

Cost  of  Lake  Survey.  Gen.  C.  B.  Comstock. 
(2  conies.) 

Estimates  for  continuing  the  improvement  of 
the  White  and  St.  Francis  Rivers,  the  I'An- 
quilla  River,  and  the  Buffalo  Shoals  in 
White  River.  Maj.  W.  H.  H.  Benyaurd.  (2 
copies.) 

Information  in  relation  to  the  progress  and 
present  status  of  th"  work  on  the  canal  and 
locks  at  the  Cascades  of  the  Columbia 
River.     Maj.  G.  L.  Gillespie.     (2  copies.) 

Information  of  the  result  of  the  survey  of 
Portage  Lake,  Michigan,  Col,  S.  M.  Mans- 
field.    (2  copie.-.) 

Information  in  relation  to  the  improvement 
of  the  sanitary  condition  of  Washington, 
and  deepening  the  river  channel,  S. 
Thayer  Abert.     (2  copies.) 
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Information  as  to  the  results  of  examination 
of  WoU  River,  from  Lake  Paygan  to  Red 
River,  Wisconsin.  Col.  D.  C,  Houston. 
(2  copies  ) 

A  report  upon  the  examination  of  Apalachi- 
coia  River  and  Bay.  Capt.  A.  N.  Damrell. 
(2  copies.) 

Report  upon  the  harbor  of  Burlington  and 
Rush  Chute,  Iowa.  Col.  F.  U.  Farquhar. 
(2  copies.) 

The  Report  upon  the  Chesapeake  and  Delaware 
Ship  Canal.   Col.  W.  P.  Craighill.    (2  copies.) 

Reports  upon  the  results  of  examinations  of 
the  Chi>;kasaha,  Pascagoula  and  Flint  Rivers. 
(2  copies.) 

Report  in  relation  to  removal  of  the  wreck  of 
the  schooner  Addie  Walton,  from  Delaware 
Bay.     Gen.  J.  N.  Macomb.     (2  copies.) 

Report  upon  the  harbor  at  the  Delaware 
Breakwater.  Gen.  A.  A.  Humphreys.  (2 
copies.) 

Reports  upon  proposed  improvements  in  the 
Delaware,  at  or  near  Schooner  Ledge.  Gen. 
J.  IS.  Macomb.     (2  copies.) 

Report  on  improvement  of  Illinois  River  and 
Illinois  and  Michigan  Canal.  Capt.  G.  J. 
Lydecker.     (2  copies.) 

Heport  on  survey  of  the  Kankakee  River. 
Maj.  J.  A.  Smith.     (2  copied.) 

Report  upon  Kansas  aud  Arkansas  Rivers. 
Maj.  C.  R.  Suter.     (2  copies  ) 

Heport  upon  surveys  of  Long  Island  Coast. 
Gen.  John  Newton.     (2  copies.) 

Report  in  rtlatiou  to  the  amount  of  appro- 
priation necassary  to  complete  the  break- 
water and  piers  at  the  harbor  of  Michigan 
City,  Ind.     Maj.  J.  A.  Smith.     (2  copies  ) 

Preliii.inary  Rep  rt  on  the  survey  of  the  Mis- 
souri River,  from  its  mouth  to  Sioux  City, 
Iowa.     Maj.  C.  R.  Suter      (2  copies.) 

Report  upon  survey  of  Missouri  River  at 
Saint  Charles,  Mo.  Maj.  C.  R.  Suter.  (2 
copies.) 

Report  of  surveys  of  North  Landing  River, 
Onanoock  Harbor  aud  Nottaway  River,  Va., 
aud  Pedee,  Trent,  Neuse.  Chowan  and  Tar 
Rivers  in  North  Carolina.  Capt.  C.  B. 
Philips.     (2  copies.) 

A  Report  upon  the  examination  of  the  flats  of 
the  Potomac  River.  Col.  T.  Lincoln  Casey. 
(2  copies.) 

Reports  upon  the  Harbors  of  San  Luis  Obispo. 
Santa  Barbara  and  San  Buenaventura,  and 
Humboldt  River.     (2  copies.) 

A  Report  upon  an  examination  of  the  Savan- 
nah River  above  Augusta,  Ga.  Gen.  Q.  A. 
Gillniore.     (2  copies.) 

Results  of  an  examination  made  of  the  Mis- 
souri River  at  and  near  its  junction  with  the 
Kansas  River,  and  the  estimated  cost  of  its 
improvement.    Maj   C.  R.  Suter.    (2  copies.) 

The  Work  upon  Hoaid's  Itocks,  Monongahela 
River.     C  >\.  Wm.  E.  Merrill.     (2  copies.) 
From  Institution  of   Civil    Engineers, 
publicatious  edited  by  .James  Forrest, 
Secretary,  London,  as  follows  : 

Abstracts  of  Papers  in  Foreign  Transactions 
and  Periodicals.  Vol.  LV.  Session  1878-9. 
Part  1. 

Engineering  Progress  in  Foreign  Countries. 
Vernon-Harcourt,  Clark,  Bauerman  and 
Higgs. 

Harbor  and  Dock  Works; 

(1.)  The  Avonmotith  Dock.   'J.  Mackensie. 
(2.)  The  River  Lagan  and  Harbor  of  Belfast. 
Thomas  R.  Salmoud. 


(3.)  Whitehaven   Harbor.      John.    E.    Wil- 
liams. 
On  the  Heating  and  Ventilating  Apparatus  of 
the  Glasgow  University.     W.  W.  Phipson. 
From  the  Institution  of  Mechanical  En- 
gineers. Walter  R.  Browne,  Secretary, 
Loudon  : 
Proceedings  of  the  Institute,  Julv  28th  and 
29th,  ISfiS. 

From  Wm.  Ripley  Nichols,  Boston  : 
Chemical  Examinations  of  Sewer  Air.     Prof. 
Wm.  Ripley  Nichols,  Boston.     1879. 
From  Edward  P.  North.  New  York  ; 
Official  Catalogue  of  the  United   States   Ex- 
hibitors at  the  Paris  Universal  Exposition. 
Loudon,  1878. 

From  the  North  of  England  Institute  of 

Mining    and   Mechanical   Engineers, 

Theo.Wood  Running,  Secretary,  New- 

castle-on-Tyne,  England  : 

Transactions  of  the  Institute,  December,  1878. 

From  Ernest  Pontzen.  Paris  ; 
Maison  Speciale  pour  I'application  de  la  pres- 
sion   H.vdrauliqne   a    toute    industrie.     H. 
Thomasset.     Paris,  1878. 

From   W.    N.   Radenhurst,  Rochester, 
N.  Y.  : 
Report  of  State  Engineer  for  1878.     Horatio 
Seymour,  Jr.     Albany.  1879. 

From  John  Reid,  Paterson,  N.  J.  : 
Two   Photographs,  Iron  Work   Construction, 
Seventh  Kegiment  Armory,  New  York  City, 
C.  W.  Clinton,  Architect. 

From   the   Publisliers,  Revue  General 
des  Chemius  de  fer.     Edgar  Moujcan, 
Secre*ary,  Paris  : 
Revue  General  des  Chemins  de  fer.  December, 
1878.  • 

From  W'illiam  Rotch,  Fall  River,  Mass.: 
Fifth    Annual    Report    of    Watuppa     Water 
Board.     Fall  River.     1879. 

From  the  Royal  United  Service  Institu- 
tion.   Capt.     B.   Burgess,    Secretary, 
London : 
Journal  of  the  Institution,  No.  XCVIII,  Vol. 
XII. 

From  John  Russell,  San  Francisco: 
Municipal  Reuorts  of  San  Francisco.     1877-8. 
Frorr.  Wm.  B.  Sherman,  New  Bedford, 
Mass. ; 
Ninth  Auuual  Report  of  the  Acushnet  Water 
Board.     New  Bedlord.     1878. 

From    Societe    des  Ingenieurs    Civils, 
Paris: 
Memoires.     September  and  October,  1878. 

From  R.  H.  Thurston,  Hoboken,  N.  J.: 
Address  before  the  American  As.-ociation   for 

the  Advancement  of  Science,  at  the  meeting 

held  in  St.  Louis,   August,  1878.     Prof.  R. 

H.  Thurston.     Salem,  Mass.     1878. 
Friction   and   its    Laws,   as    determined    by 

recent  experiment.     Prof.  R.  H.  Thurston. 

Salem  Mass.    1878. 
New   detenu iuations   of    the    coefficients    of 

Friction  of  Lubricafer!  Journals  and  on  the 

law  governing   such   friction.     Prof.  R.  H. 

Thurston.     Philadelphia.     1878. 

From  George  E.  Wariug,  Jr.,  Newport, 
R.  I. ; 
Irvington  Sanitary  Survey.     An  examination 

as  to  local  causes  of  fcver  and  ague  on  the 
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east  bank  of  the  Hudson  River  from  Dobb's 
Ferry  to  Tarrjtown,  with  recom'iiendations 
for  "improvement.  Geo.  E.  Waring,  Jr. 
New  York.     1879. 

From  Joseph  M.  Wilson,  Philadelphia: 

Notes  on  the  Internal  Improvements  of  Penn- 
sylvania, and  Reminiscences  of  the  first 
railroad  over  the  Allegheny  Mountains. 
W.  Hasell  Wilson  and  Solomon  W.  Roberts. 
Philadelphia.  1879. 
From  Wilson  Brothers  &  Co.,Philadelphi-i: 

Two   p  ates   of  Bridsie  "ver  Pennsylvania  R. 
R.  at  Belmont  Avenue,  Philadelpliiii. 

Two  pla  es  of  Bridge  over  Pennsylvania   R. 
R.  at  Fortieth  .Street,  Philadelphia. 

Two  plates   of  Bridge  over  Pennsylvania  R. 
R.  at  Forty-first  Street,  Hhiladelphia. 

Two  plates  of  Span  No.  1  of  the  Morrisville 


Bridge,  New  York  Division,  Pennsylvania 
R.R. 

Two  plates  of  Suspension  Bridge  (Ordish's 
System)  over  the  Pennsylvania  R.  R.,  Forty- 
first  Street.  Ftiladelphia. 

Two  plates  of  Jersey  City  Station,  Pennsyl- 
vania R.  R. 

Two  plates  of  Passenger  Station,  Baltimore 
and  Potomac  R.  R. 

Two  plates  of  West  Philadelphia  Station, 
Pennsylvania  R.  R. 

From  F.  Leypoldt.  New  York: 
The  American  Catal'igue,  Vol.  I.  Authors  and 

Tille.«.     Part  2.    Edwards— Lennox. 
The  Library  Journal,  Nos.  1  and  2.  Vol.  IV. 
Thp     Library    Journal,    Index    to    Vol.    Ill, 

March.  1878.  December.  1878. 
The  Title  slip  RegiSiry,  Vol.  I,  Nos.  1  and  2. 


ANNOUNCEMENTS. 


The  Eleventh  Aknual  Convention-  of  the 
Soc'ety  will  be  held  at  Cleveland,  June 
17th,  1879.  Announcement  as  to  the  details 
of  programme  and  proceedings  will  be  issued 
in  a  short  time. 

Copies  of  the  Speeeh  made  in  Congress  by 
Hiiu.  Abram  S.  Hewitt  upon  the  subject  of 
the  Public  Lands  and  their  Surveys  have  been 
kindly  sent  to  the  Society  by  the  author  and 
mailed  to  the  members. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
ordered  printed  regularly  in  the  Society  pub- 
lications: 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad, 
and  whereas  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
famih  ir  to  all  by  comparison : 


Resolved,  That  members  be  requested,  in 
papers  hereafter  presented  to  the  Society,  to 
write,  in  parenthesis,  weights  or  dimensions 
by  the  metric  system,  in  connection  with 
those  of  the  system  in  general  use. 

The  House  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  from  Fourth 
avenue,  and  near  the  southwest  corner  of 
Gramerey  Park.  It  is  open  from  nine  o'clock 
A.M.  to  five  o'clock  P.M.  each  busiDess  day, 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present,  be  open  every  Thursday 
evening,  from  73-^  to  10  p.m.  Members  are 
invited  to  avail  themselves  of  the  oppor- 
tunities afforded  on  Thursday  evenings  both 
for  consultation  of  books  and  periodicals  and 
for  conversation . 


LIST     OF     MEMBERS. 


.\DDITIONS. 
MEMBERS. 


Egleston,  Thomas. 


Date  of  Election. 


.  Professor  of  Mineralogy  and  Metallurgy, 
School  of  Mines,  Columbia  College, 
35  West  Washington  Square,  New 
York March  5th,  1879. 
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Dale  of  Election. 
Osgood,  Joseph  O (Elected  Junior  May  3d,  1876),  Division 

Engineer  Pueblo  and  Arkansas  Valley 

Railroad,  Canon  City,  Colorado March  5th,  1879. 

JUNIOR, 

Allen,  James  P Civil  Assistant  Engineer  U.  S.  Corps  of 

Engineers,    care   of  Maj.  F.  U.  Far- 

quhar,    Rock  Island,  111 March  5  th,  1879. 


CHANGES    AND   CORRECTIONS. 
MEMBERS. 

AuCHiNCLOSS,  William  S.  200  West  Logan  Square,  Philadelphia,  Pa. 

Clarke,  Thomas    C 71  Broadway,  Room  72,  New  York. 

Fink,  Rudolph General  Manager,  Memphis  and  Little  Rock  Railroad, 

Little  Rock,  Ark. 

Flint,  Edward  A 11  Tremont  Bank  Building,  Boston,  Mass. 

Nichols,  Othniel  F.  . . .  .Box  229,  Westerly,  Rhode  Island. 

Roberts,  W.  Milnor.  . .  .Care  of  O.  C.  James,  Caixa   N.  721,  Rio   de   Janeiro, 

Brazil. 
Smith,  Hamilton,  Jr Civil  and  Mechanical  Engineer,  Room  24,  320  Sansom 

St.,  San  Francisco,  Cal. 
Van  Buren,  JohnD.,  jr.  .  10  West  Thirtieth  st..  New  York. 

junior. 
Staats,  Robert  P 169  West  Twelfth  st..  New  York. 


DECEASED. 

Craven,  Alfred  W President  of  the  Society  from  Novem- 

•   ber  3,  1869,  to  November  I,  1871. .  .March  27th,  1879. 
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KELLOGG    BRIDGE    COMPANY, 

OFFICE  &  WORKS,  BUFFALO,  X.T. 


BRIDGE   BUILDERS  &.  CONTRACTORS. 

All  kinds  of  Wrought  Iron  Railway  and  Highway  Bridges,  Viaducts,  Trestle  Work,  Turn 
Tables,  Roofs  and  other  Iron  Structures  ;  Railroad  Work  and  Die  Forged  Eye-bars,  without 
■welds  or  upsets,  a  specialty.     Send  for  illustrations. 

UNION  ik6n"co7 

OF     BUFFALO. 


BEAMS,  CHANNELS  &  SHAPE  IRONS, 

PIS,   BAE  lEON  AND  BAILS, 

Rolled  Shafting,  Boiler,  Plate  and  Tank  Irons. 

BRIDGE    inOH  A  SPECIALTY. 


P.-O.  Drawer) 


BUFFALO,  K.  Y. 


PENNSYLVANIA  STEEL  COMPANY, 


MANUFACTUKEBS  OF 


LOEENZ' 

SAFETY   SWITCHES, 


STANDARD   STEEL  RAILS. 
Axles,  Forgings,  Frogs,  Crossings  and  Switches. 

216  SOUTH  FOURTH  STREET, 
PHI  X^  ADE  r.F»HI  A. 


THE    "FISHER" 
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MANUFACTURKD    BY 


FISHER&NORRIS 

Trenton,    N.  J. 


In  the  "Fisher"  system  by 
vertical  bolts,  the  ends  of  con- 
tiguous rails  are  securely  fast- 
ened between  heavj'  horizontal 
plates,  which  enclose  the 
flanges. 

Of    these    bolts,    usually   in 

pairs  in  the  | |  form,  one,  two, 

three  or  four  are  employed  as 
desired.  From  their  large 
diameter  (one  inch),  and  acting 
in  the  same  direction  as  the  load,  710  loosening  of  (he  mtt» 
occurs,  except  that  due  to  internal  wear  of  the  plates 
and  rail  surfaces.  Having  the  whole  area  of  the  base  of 
rail,  instead  of  a  narrow  bearing  under  the  head,  as  with 
common  fish  bars,  this  wear  is  very  slight,  and  may 
be  taken  directly  up  by  the  nuts.  Twice  a  year,  using  a 
four  foot  wrench,  is  sufficient  for  this,  and  no  "stop"  or 
other  washers  are  required  or  used. 

Joints  taken  from  the  track  of  the  Boston  it  Provi- 
dence R.  R.,  after  thirteen  years'  continuous  use,  show  this  wear  to  liave  been 
y^th  of  an  inch. 

No  holes  are  made  in  the  stem  of  the  rail.  The  only  slotting  is  for  elliptical 
notches  in  the  edges  of  the  flanges  and  without  perceptible  weakening  of  their 
strengtli.  Several  varieties  have  been  in  use  on  important  roads,  for  from  four 
to  thirteen  years — either  between  ties,  on  one  tie,  or  extending  the  lower  plate 
over  two  ties,  and  in  every  case  have  demonstrated  that  for  preservation  of  rails, 
smoothness  of  track,  and  saving  in  labor  and  repairs,  the  vertical  system,  holding 
the  rail  by  its  broad  base  instead  of  under  the  head,  directly  by  large  vertical 
bolts,  is  the  correct  one  as  opposed  to  fish  bars,  which  are  dependent  on  hori- 
zontal bolts  to  keep  them  in  place — subject  to  rapid,  unequal  wear  and  cross- 
strains,  and  with  continual  loosening  of  nuts.  All  fish  bars  wear  greatest  at 
their  middle,  and  after  three  or  four  years'  use  they  will  be  found  so  much  more 
worn  there  than  at  their  ends  that  a  perfect  bearing  can  be  no  longer  obtained 
by  screwing  up  the  nuts,  and  a  rapid  destruction  of  the  ends  of  the  rails  obtains 
soon  after. 

Among  the  roads  which  have  used  these  joints  in  large  quantities  for  a 
number  of  years,  are  the  Fitchburg  R,  R.,  Boston  &  Providence  R.  R.,  Pennsyl- 
vania R.  R.,  Lehigh  &  Susquehanna  R.  R.,  Philadelphia,  Wilmington  &  Baltimore 
R.  R.,  Cumberland  &  Pennsylvania  R.  R.,  Delaware  &  Hudson  Canal  Co.,  <fec. 
THE  MANUFACTURERS  INVITE  ORDERS  FOR  TRIAL  LOTS]  FROM 
ROADS  WHICH  HAVE  NOT  YET  USED  THIS  JOINT. 
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STEVENS  INSTITUTE  OF  TECHNOLOGY. 

Mechanical  Laboratory  ofthe  Department  of  Engineering 

SCHEDULE  OF  CHARGES,  October,  1811. 

STRENGTH,    AC,  OF   MATERIALS. 

Tests,  on  Autographic  Recording  Testing  Machine,  of  strength,  ductility, 
resilience,  and  determination  of  elastic  limit,  elasticity,  homogene- 
ousness  of  structure  and  amount  of  internal  strain,  with  strain-dia- 
gram and  record $3  00 

For  test  and  record  alone 2  50 

Tests,  on    ordinarj^   Testing  ilachine  of  20  tons   capacity,  of  strength, 

simply,  with  record 2  00 

For  determination  of  strength,  ductilitj-,  resilience,  and  elastic  limit.  ...  3  00 

Tests  on  machine  for  determining  the  transverse  strength  of  materials; 

maximum,  3  tons 3  00 

Tests  of  value  of  lubricant  on  the  Machine  for  Testing  Lubricating  Ma- 
terials          5  00 

And  for  time  in  excess  of  10  hours,  per  hour 0  50 

For  time  on  tests  of  strength  of  materials,  in  excess  of  6  hours,  per  hour         0  50 

Trials  of  steam  boilers,  with  record 25  00 

Labor  at  trial,  and  office  work,  per  hour 0  60' 

Trials  of  steam  engines,  60  cents  per  hour  and , 25  00' 

For  labor  in  the  workshop,  per  hour 0  40' 

For  use  of  machine  tools  and  time  of  attendant,  per  hour 0  60' 

For  miscellaneous  office  work,  per  hour,  $0.60  to 1  00- 

For  determination  of  composition  and  quality  of  fuels  and  other  materials 
charges  are  made  for  time  occupied  and  according  to  the  difficulty  of  the  work 
and  the  importance  of  the  results  sought. 

The  Mechanical  Laboratory  has  made  more  than  2  500  tests  of  strength  and' 
other  qualities  of  materials,  including  everj'  kind  in  general  use,  and  by  every 
method.  Copies  of  the  record  are  retained  in  the  Record  Books  and  one  half 
of  each  test-piece  is  marked  and  retained  in  the  cabinets.  Analyses  and  deter- 
minations of  quality  of  a  great  varietj-  of  materials  have  been  made  for  citizens^ 
and  governmental  departments. 

PRICES  OF  APPARATUS  AND  MACHIXERY, 

AUTOGRAPHIC    TESTING    MACHINES. 

No.  1,  Design  of  1 873,  with  base  plate $200  OO 

"Standard"'  "         1874,    do.    and  ratchet  lever 250  00 

"  Stevens '76,"  "         1876,    do.     wormgear 350  00 

These  machines  have  been  furnished  to  the  LTnited  States,  the  Russian  and 
Japanese  governments,  to  technical  schools  and  to  private  purchasers.  They  give 
an  autographic  pencilled  record  of  strength,  ductility,  elasticity,  homogeneous- 
ness,   <fec. 

MACHINE  FOR  TESTING  LUBRICANTS. 

"  Stevens  '77,"  Design  of  1876,  journal  l}.^  inch $150  00 

Railroad  Style,  "  Stevens  '78,"      "       2^     "     250  00 

R.  R.  Standard, "       7x3^  in 450  00 

The  "  R.  R.  Standard"  lias  a  journal  as  designed  for  the  Pennsylvania  Railroad 
Co..  of  the  full  size  of  the  car-axle  journal,  and  the  pressure  may  be  made  as  high 
as  5  tons.  The  machine  enables  a  comparison  to  be  made  of  velocity  of  rubbing 
surfaces,  pressure  on  journal  and  heating,  and  is  the  onlj'  machine  giving  the 
co-efficient  of  friction.  Over  500  tests  of  oils  have  been  made  to  date  on  these 
machines. 

Fine  bronze  and  brass  castings  at  fair  prices.  Philosophical  apparatus,  from 
the  Institute  instrument-mak(!r's  shops,  at  list  prices. 

Profits  are  devoted  to  extending  the  already  exceptional  facilities  of  the  Labor- 
atory and  to  defraying  expenses  of  scientific  investigations  having  interest  and 
practical  value  to  the  profession.     Send  for  circulars  to 

Prok.  ROBERT  H.  THURSTON.  Director' 


(IV) 


COLT'S  ARMORY  TESTING  MACHINE. 

The  Colt  Co.  are  prepared  to  make  tests  of  materials  with  this  machine,  by  tensile,  trans- 
verse, and  crushing  strains,  up  to  100,000  lbs.,  and  with  specimens  of  various  lengths  up  to  8  ft. 

The  elastic  quaUties  of  the  material  will  be  given  if  required. 

All  results  obtained  from  tests  for  any  parties  will  be  considered  as  belonging  to  them  only, 
and  will  be  treated  as  confidential.     Apply  to 

THE  COLT'S  PATEiVT  FIRE  ARMS  MANUF'G  CO.,  Hartford,  Ct. 


THE     BAXTER     ENGINE, 

From  2  to  10  Horse-Power, 

MANUFACTURED    AND    FOR    SALE 


iHiOii  n  iiM  Ni'e 


^0' 


HARTFORD,  Ct. 


All  parts  of  these  engines  are  made  on  the  interchangeable  system 
and  are  of  the  best  materials  and  workmanship. 


In  these  engines  the  cylinders  and  valve  chest  are  inclosed  within  the  boiler,  so  as  not  to  be 
exposed  to  radiation  ;  they  are,  therefore,  economical  in  the  use  of  fuel,  and  are  not  liable  to 
an  accumulation  of  water  in  the  cylinder,  by  which  so  many  engines  are  injured. 


DETROIT  BRIDGE  AND  IRON  WORKS 


ENGINEERS  AND    BRIDGE    BUILDERS, 
DETROIT,   MICHIGAN. 


WILLAED  S.  POPE, 
Fres't  and  Eng'r. 


W.  0.  COLBUKN,      W.  L.  BAKER, 
Sec'y  and  Treas,       Sup'l.  and  Eng'r. 


E.  &  F.  N.  SPON, 

Publishers  and  Importers  of  Scientific  Books, 


446     BROOME     STREET,      NEW     YORK. 


(V) 


D.  VAN  NOSTRAND, 

PUBLISHER  OF    SCIENTIFIC    BOOKS, 

23  Murray  Street  and  27  Warren  Street,  New  York. 


General  Catalogue  of  American  and  Foreign  Scientific  Books,  128  pagea, 
■8vo,  including  titles  of  all  leading  Works,  in  Architecture,  CARPENXRy,  Building, 
Astronomy,  Navigatio:\,  Ship-building,  Meteorology,  Brewing,  Distilling, 
Wine  Making,,  Ohesustey,  Physics,  Philosophy,  Coal,  Oil,  Gas,  Drawing, 
Painting,  Photography,  Electricity,  Electric  Telegraph,  Engineering,  Ma- 
<rHiNERY,  Mechanics,  Geology,  Mineralogy,  Mining,  Metallurgy,  Hydraulics, 
Hydrostatics,  Iron,  Steel,  Life  Insurance,  Mathematics,  Works  of 
Reference,  &c.     Sent  on  receipt  of  10  cents,  by  mail,  post  paid,  to  any  address. 


J.   HERBERT  SHEDD, 

CIVIL    ENGINEER, 

PROVIDENCE,    R.    I., 

Offers  his  Services  to  Engineers  and  Municipal  Aulhot'ities,  in  consultation  upon 
Water  Works,  Se\verage,  and  general  Sauitarj-  Engineering. 


Wroiiff'lit-li'oii  and  l^iieiit  Water-Pipe  Ceiipiw. 

0 1  li 

General  Office,  41  Dey  Street,  New  York. 


This  pipe  is  made  of  wrought-iron,  coated  with  asphalt,  then  lined  with  and 
laid  in  hydraulic  cement.  This  Company  has  been  in  operation  thirty  years,  and 
laid  1,244  miles  of  pipe,  of  diameters  from  service  to  36  inches,  in  71  cities 
and  towns,  under  hydrostatic  pressures  due  to  250  feet  and  less. 


MINING  AND  RAILWAY  LAW. 

The  undersigned,  having  had  a  number  of  years'  ex- 
perience in  Haihvay  and  3Iining  Engineering,  makes  a 
specialty  ot  Legal  Questions  of  that  character.  Has  ex- 
ceptional advantages  for  conducting  correspondence  in 
foreign  countries.  Is  prepared  to  act  as  agent,  collect 
claims,  and  also  to  solicit  and  negotiate  Patents  in  the 
United  States  and   Europe. 

HENRY    S.    DRINKER, 

210  South  Fourth  Street,  Philadelphia,  Pa, 


.CLARKE  •  REEVES  •  &  •  Co  . 


if«-io-(IO-lfaliiulSt.,. 


ENGINEERS         ^#;^%^  KOOFS, 

CONSTRUCTORS  "AAM  VIADUCTS, 

OF  cAfS".     X^-t-^    -iSf:^  tiL... 

IRON  WUTL^^  ^''   ^'^^•'Y 

BRIDGES.  W'^^^  DESCRIPTION. 


N.    B. — An  illustrated  Album,  showing  different  styles 
of  constructionf  will  be  mailed  on  application  to  above 
address. 


DELAWARE  BRIDGE  COMPANY, 


ENGINEERS  AND  CONTRACTORS 


FOR  THE  CONSTRUCTIOX  OF 


BRIDGES,  ROOFS,  TURN  TABLES 


AND  OTHER  ENGINEERI^'G  "WORKS, 


OFFICE,  52  WALL  ST.,  NEW  YORK. 


C.  MACDONALD,  W.  M.  FINCKE, 

Eng.  and  Pres't.  «  Sec'y  and  Treas. 


